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N THE past when a patient presented himself to the physician, his chief com- 

plaint being difficulty in swallowing, diagnostic techniques were primarily 
focused on confirming or ruling out the presence of carcinoma, impacted foreign 
body, diverticula, stricture or cardiospasm, ete. Failure to demonstrate pathology 
of the pharynx, esophagus, or stomach, left the conscientious physician with the 
logical assumption that the complaints of the patient were on a functional rather 
than organic basis. 

In 1953, Ingelfinger and Kramer! published an article in which they dis- 
cussed 6 patients each of whom was suffering from dysphagia. Endoscopic 
examinations of these patients were negative but these authors described roent- 
genologie observations which they referred to as a “contractile esophageal ring.” 
The same year Schatzki and Gary? reported similar x-ray findings on 5 of their 
patients and interpreted them with the term “lower esophageal ring.” The true 
nature of the lesion was at first not clear to these men. But their original work, 
their subsequent investigation, and our own experience lead us to believe that 
many of these patients who have had categorical diagnoses of ‘‘functional dys- 
phagia’’ have, in fact, cases of an organie narrowing of the lower esophageal 
lumen, This so-called ‘‘ring’’ or ‘‘web’’ is responsible for the symptoms of the 
patient and these same symptoms disappear once the condition is corrected by 
surgery. 

CLINICAL PICTURE 

The type and degree of dysphagia conform to and are consistent with the 
nature of the lesion. The onset may or may not be acute. It is apparently 
determined by the relative obstructive potential of the food ingested. For 
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Fig. 1—Case 1. Thin barium used. Normal-appearing esophagus on first admission. 





Fig. 2.—Case 1. Thick barium swallow, first admission. Reveals web, but not diagnosed as 
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example, an abrupt change in eating habits from the ingestion of soft food to 
the ingestion of heavy solids or a poorly masticated bolus may readily produce 
an acute obstructive episode. Conversely, if the eating habits of the same 
individual remain unchanged, the onset of dysphagia most likely will be 
insidious. In either event, once dysphagia has become established, the course 
is likely to be protracted, of an episodal nature, and may finally become in- 
capacitating. 

During the early stages, dysphagia in our cases seemed to have been re- 
lated to the obstructive potential of the bolus swallowed. Meat and bread 
were most likely to produce symptoms. Obstruction was associated with low 
substernal discomfort and a sensation of something being stuck in the lower 
chest. Drinking water would often alleviate symptoms. For years by care- 
ful mastication and scrupulously restricting the diet, severe symptoms were 
curbed. However, in our cases, dysphagia finally became so severe that intake 
had consisted essentially of a liquid diet for the year prior to surgery. Neither 


Fig. 3.—Case 1. Thick barium. Second admission six months later. Web not diagnosed but 
operation advised for obstructing lesion. 


patient had experienced vomiting, nausea, or heartburn. Both had traveled 
from one physician to another seeking relief. They were subjected to repeated 
endoscopic examinations and barium swallows, but such efforts failed to 
establish a diagnosis. Consequently, the impressive histories and negative 
findings had led to the frequently mistaken diagnosis of neurosis. 


ROENTGEN FINDINGS 


Figs. 1 and 2 are x-ray pictures showing a barium swallow in the first 
patient. (H. T.) who was experiencing severe dysphagia at the time. It was 
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Fig. 4.—Case 2. Thin barium. Interpreted as normal. Marked symptoms at time of exami- 
nation. 





Fig. 5.—Case 2. Thick barium. Second admission, two years later. Web diagnosed. 
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reported as within normal limits by the consensus of observers, although one 
man felt sure it represented a stricture. Fig. 3 is a repeat x-ray photograph 
of the same patient a few months later. <A definite weblike structure was 
demonstrated 5 em. above the diaphragm and proximal to the esophagogastrie 
junction. Of significance is the fact that the web was not demonstrable until 
the esophagus above and below it was distended with thick barium. This 
technique allowed the lumen of the esophagus above and below to exceed the 


diameter of the lumen of the web. 


{/ 





Fig. 6.—Case 2. Spot film of web. 


Fig. 4 shows an x-ray of a barium swallow in Case 2. Again the original 
interpretation was that there was no esophageal pathology. Figs. 5 and 6 
are x-rays of the esophagus of the same patient two years later. The barium- 
filled esophagus demonstrates very clearly the weblike structure. Schatzki 
and Gary clearly describe this lesion in the 5 cases reported in 1953 as a 
‘lower esophageal ring.’’ Their report describes typical x-ray findings 
although in a subsequent report they were frank to say, ‘‘The nature of 
the abnormality and its origin are not known, but the clinical and roentgeno- 
logical pictures are characteristic.’’ Our roentgenologie findings demonstrate 
a thin ‘‘web’’ in the lower esophagus, located 3 to 5 em. proximal to the 
esophagogastric junction. It is constant in location and is demonstrable only 
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when the esophagus above and below is distended sufficiently to exceed the 
diameter of the web. When the esophagus is collapsed the lesion is likely to 
be missed. 

The web is smooth, varying in thickness from 3 to 5 mm. and produces a 
constant narrowing located centrally, thus producing a ‘‘shelflike’’ symmetri- 
eal shadow on the roentgenograms. The lumen in one patient was 3 mm.; it 
was 5 mm. in the other. The esophagus above the narrowing characteristically 
is not widened and proximally peristalsis functions normally. 


ESOPHAGOSCOPIC FINDINGS 


Case 1 had three esophagosecopies performed elsewhere in 1953, each re- 
ported as normal. Preoperative esophagoscopy by us in 1954 was reported as 
essentially normal but the operator experienced difficulty in passing the area 
interpreted as cardia. The mucosa appeared normal. 

Similarly, esophagoseopy of the second patient performed by us in 1952 
was recorded as being normal. The instrument was passed into the stomach 
without difficulty. A second esophagoscopy on this patient was not performed 
later because repeat roentgenograms were diagnostic of a web. 

It is interesting to note that Ingelfinger and Kramer’s experience! as well 
as Sehatzki and Gary’s? parallels ours, relative to endoscopic failure. Three 
of Ingelfinger and Kramer’s patients were esophagoscoped and no lesion 
demonstrated. Four of Schatzki and Gary’s were esophagoscoped. The lesion 
was seen in only one instance. 


OPERATIVE AND PATHOLOGIC FINDINGS 


At thoracotomy the lesion can easily be demonstrated by opening the 
esophagus longitudinally a few centimeters proximal to the contemplated site 
of obstruction and inserting a finger into the esophagus. Once the web has 
been identified, it is intussuscepted upward by the index finger inserted 
through a gastrotomy incision (Fig. 8). By internal palpation and this 
maneuver, the lesion can be easily demonstrated and clearly visualized; with 
external esophageal palpation the lesion may not be felt. In one case the 
defect could not be felt externally although a ringlike thickening deep in the 
wall of the esophagus was palpated. 

With a finger in the esophagus, a definite impression was gained that this 
was a weblike projection into the lumen. The web was leathery in consistency 
and pliable. The small lumen in both cases (3 to 5 mm., respectively) could 
barely be felt with the finger tip. 

The mucosa above and below the defect felt normal. The obstruction was 
located above the esophagogastric junction, there being 3 to 5 em. of normal- 
appearing esophagus seen below the level of obstruction. In Case 2 a ringlike 
thickening was present at the base of the web in the esophageal wall. 

The elected operative procedure was simple, designed primarily to pre- 
serve the integrity of the esophagogastrie junction, to alleviate obstruction, 
and to avoid subsequent stenosis and fibrosis at the operative site. The 
technique employed is illustrated in Figs. 7, 8,9, and 10. After the lesion was 
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Fig. 9.—Drawing of web and wedges resected. A, Cross section of esophagus from 
above showing weblike membrane. 8B, Cross section of esophagus from above showing wedge- 
shaped pieces removed from membrane. 








Fig. 10.—Longitudinal section of esophagus showing sutured flaps of weblike membrane. 
Drawing of repair after wedge resection. 
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exposed, three pie-shaped wedges of the membrane were removed leaving 
intervening areas of mucosa at the base to prevent subsequent stricture. The 
raw areas were sutured with interrupted silk sutures and the stomach and 
esophagus closed. A Levine tube was then passed into the stomach and the 
chest closed. 

Liquids were started orally on the third postoperative day and solids were 
given before the seventh postoperative day. To date, the patients are totally 
relieved of dysphagia, being completely asymptomatic at the seventh and 
eighth postoperative months, respectively. 


PATHOLOGY 


At surgery the lesion in each case presented a definite membranous appear- 
ance. The esophageal lumina were small, measuring 3 to 5 mm., and were 
centrally located. The surfaces were smooth having the appearance of normal 
esophageal mucosa. In each, the web was pliable and felt not unlike the leathery 
type of a stenosed mitral valve. 


Fig. 11.—Photomicrograph of section of piece of web resected. 


Microscopically, the histologic features seen in the wedgelike resected seg- 
ment were most informative (Figs. 11 and 12). One figure gave a fair indica- 
tion of the radius of the web although it had decreased in size from fixation. 
It measured 10 mm. in the fixed state. Squamous-cell epithelium could be seen 
covering the upper and lower surfaces of the web. There was considerable 
squamous-eell hyperplasia with folding and piling up of surface epithelium. In 
many areas associated parakeratosis could be seen. The section clearly demon- 
strated that mucosa covers the entire surface of the web, although, in one area 
of this section, a denuded area was seen. The submucosa showed considerable 
chronic inflammatory cellular infiltration most prominent at the luminal surface 
where one would expect the most trauma. The outer layer consisted of smooth 
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musele. At the junction of the web and esophageal wall, smooth muscle could 
be seen. This abrupt cessation of the mucosa corresponded to the apex of the 
wedge located in the muscular wall of the esophagus. 

The one case reported by Schatzki in which operation was performed re- 
vealed similar marked hyperkeratosis and no evidence of ulcer scar or inflamma- 
tion. Ingelfinger and Kramer’s case that was operated upon revealed only 
thickened muscular wall. 


Fig. 12.—Photomicrograph of web biopsy showing hyperkeratosis, inflammation, and circular 
muscle. 


DIFFERENTIAL DIAGNOSIS 


The roentgenologie diagnosis of this lesion should not be difficult. It may 
be deceiving but if the proper diagnostic maneuvers are made, it is less so. The 
incidence of diagnosis is probably directly proportional to the observer’s index 
of suspicion. With a thin barium swallow, a web may be easily missed. Even 
when a high degree of obstruction is present, there is very little hesitation of 
thin barium in passing through the esophagus. A satisfactory examination re- 
quires the ingestion of thick barium, in an amount sufficient to fill and thus 
dilate the esophagus proximal and distal to the web. 

The lesion most likely to be confused with a lower esophageal web is an 
esophageal stricture. Both lesions do not dilate beyond a certain diameter 
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and both may be located in the same area of the esophagus. There are several 
differential points. A web is symmetrical both cireumferentially and longi- 
tudinally ; the converse is likely to be the case with stricture. The narrowed 
area relative to a web is likely to be short and thin whereas a strictured area 
usually is longer and thicker. Further differential points are the lack of 
delayed emptying and negative endoscopic findings in the instance of the web. 

Cancer can be quickly eliminated because of the smoothness and thinness 
of the mucosa and the aforementioned reasons relative to a web. There is no 
similarity to achalasia. Dilatation proximally, as well as abnormal peristalsis 
and delayed emptying, is characteristically absent. 


CASE REPORTS 


CasE 1.—H. T., a 55-year-old man, whose first admission to Syracuse University Hospital 
was on Dec. 22, 1953, with the chief complaint of intermittent dysphagia of four years’ 
duration. 


Present Illness—He stated that approximately four years before he began having 
recurrent mild attacks of having certain foods “stick” in the lower chest. Foods most likely 
to provoke an attack were beef, scalloped potatoes, corn, and bread. For two years, symptoms 
were alleviated by the ingestion of fluids whenever something became “caught.” During the 
third year of his difficulty he controlled symptoms by chewing foods very well and “abstaining 
from those most likely to cause trouble.” Symptoms during the year prior to admission were 
characterized by more severe obstruction. Many times liquids would fail to relieve symptoms. 
Oceasionally, induced vomiting was necessary. For about a year his diet had been restricted, 
by his own volition, to ice cream, milk, and cereal. Heart burn, radiating pain, and nausea 
were absent. There was no weight loss. 

After three years of dysphagia, he sought medical advice. Three esophagoscopies and 
barium studies were done elsewhere. After each examination he was told that he had a 
“nervous condition.” When the situation became desperate, he was transferred to us for 
evaluation. 

Physical examination revealed a well-developed, well-nourished man who was cooperative, 
intelligent, and did not appear ill. Physical findings were essentially normal. 

Esophagoscopy on Dec. 23, 1953, was not remarkable except that at the cardia (50 cm.), 
resistance was encountered. The endoscopist interpreted this as the cardia. A biopsy of the 
mucosa in this area was performed although it appeared to be perfectly normal. It was re- 
ported as normal mucosal epithelium. 

An investigation of the upper gastrointestinal tract by barium roentgenograms was 
performed. Several roentgenologists agreed that no definite abnormality could be demon- 
strated. One observer noted a small area of narrowing several centimeters above the 
cardia. The consensus believed this to be a peristaltic wave, although one observer believed 
it to be a stricture. 

The patient was discharged on Dec. 24, 1953, with a tentative diagnosis of dysphagia 
of functional origin and with the recommendation that he return for a recheck examination 
in one month. He returned to his home in northern New York State and was not heard 
from until July, 1954. 

The family physician informed us that the patient’s condition had become so severe 
that the intake of only liquids had recently become ineffectual. 

This sequence of events “spelled out” cancer to the patient. His wife informed the 
family doctor that her husband had begun to utter suicidal threats. He was then returned 
to us for further investigation. He was readmitted to University Hospital on Aug. 1, 
1954. Examination was unchanged from that of the previous admission except for a 5 
pound weight loss and an extreme anxiety state. 
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A repeat barium swallow with a thick mixture revealed a distinct narrowing 5 em. 
proximal to the cardia (Fig. 3). Surgery was advised because of the obstructive symptoms 


although “web” was not diagnosed. Esophagoscopy was not repeated. 


On Aug, 2, 1954, at thoracotomy, no abnormality could be visualized or palpated until 
the esophagus had been opened. A 3 em. longitudinal incision was made proximal to the 
predetermined site of obstruction, When a finger was inserted into the lumen, a definite 
obstruction was palpated approximately 3 em. above the cardia. To obtain accurate visual- 
ization and mobilization of this defect, it was decided to open the diaphragm and to make 
a counter gastrotomy incision. With a finger in the stomach, the lesion was then herniated 
or intussuscepted into the esophageal incision. Excellent control and exposure were ob- 


tained (Figs, 7, 8, and 9). 


< 


Fig. 13.—Postoperative esophagograms of Case 1. 


The obstruction was a definite weblike structure having the characteristics described. 
A plastic procedure previously described in detail was performed (Figs. 9 and 10). 

The postoperative course was uneventful. Postoperative roentgenograms are shown 
(Fig. 13). The patient has been completely relieved of dysphagia and is absolutely free 
of symptoms. He has returned to a normal diet. 


CASE 2.—W. M., a man 55 years of age, entered Syracuse University Hospital on Sept. 
12, 1954, with the chief complaint of intermittent dysphagia of seven years’ duration. 

Present Illness—The patient stated that 15 years before during an ethanol bout at 
Thanksgiving, “I almost choked to death after swallowing a large piece of gizzard.” He 
didn’t recall further trouble until 1947 when he noted the slow onset of intermittent dysphagia. 
He recalled having difficulty swallowing large pieces of beef steak and similar large pieces of 
meat. He noted a sensation of “having a lump in my lower chest,” usually relieved by 
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swallowing some liquid. After a year or so, he noted that his eating habits had changed. 
Chewing food more thoroughly became routine. Strict adherence to this regimen relieved 
symptoms for several years. 

During the two years prior to admission, strict eating habits no longer were effective. 
For two years his diet was of necessity restricted to liquids, ice cream, and fine cereals. 

He was esophagoscoped by us in 1952 but no lesion was found. The stomach was 
readily entered. Barium studies revealed a normally emptying esophagus (Fig. 4). He was, 
therefore, told that he had a “nervous condition” and was given pills. He then found that 
pills would often cause severe symptoms. He denied heartburn, pain, vomiting, and weight 
loss. He was re-evaluated by us in September, 1954. 

Physical examination was essentially negative. The patient was a well-developed, 
well-nourished businessman. He did not appear acutely or chronically ill. 

Esophagoscopy was not repeated. Barium study of the esophagus revealed a typical 
web located just proximal to the cardia. The lumen measured 3 mm. (Figs. 5 and 6). 


Fig. 14.—Postoperative esophagograms of Case 2. 


At exploratory thoracotomy on Sept. 13, 1954, the findings and operative procedure as 
described in Case 1 were almost identical except that the lesion was palpable before the 
esophagus was opened. It presented as a firm localized circumferential thickening in the 
esophageal wall. This area corresponded to the base of the web. 

The described plastic repair was performed. 

The postoperative roentgenogram is shown in Fig. 14. 

The patient has been completely relieved of dysphagia and when seen in March, 1955 
(6 months postoperatively), he stated, “It’s like living anew. I can eat everything now.” 


COMMENT AND DISCUSSION 


Ingelfinger and Kramer deserve credit for first reporting the salient 
roentgenographic findings of this lesion, although they were not certain of 





12 THE JOURNAL OF THORACIC SURGERY 


A repeat barium swallow with a thick mixture revealed a distinct narrowing 5 em. 
proximal to the cardia (Fig. 3). Surgery was advised because of the obstructive symptoms 
although “web” was not diagnosed. Esophagoscopy was not repeated, 

On Aug, 2, 1954, at thoracotomy, no abnormality could be visualized or palpated until 
the esophagus had been opened. A 3 em. longitudinal incision was made proximal to the 
predetermined site of obstruction. When a finger was inserted into the lumen, a definite 
obstruction was palpated approximately 3 cm. above the cardia. To obtain accurate visual- 
ization and mobilization of this defect, it was decided to open the diaphragm and to make 
a counter gastrotomy incision. With a finger in the stomach, the lesion was then herniated 
or intussuscepted into the esophageal incision. Excellent control and exposure were ob- 


tained (Figs. 7, 8, and 9). 


Fig. 13.—Postoperative esophagograms of Case 1. 


The obstruction was a definite weblike structure having the characteristics described. 
A plastic procedure previously described in detail was performed (Figs. 9 and 10). 

The postoperative course was uneventful. Postoperative roentgenograms are shown 
(Fig. 13). The patient has been completely relieved of dysphagia and is absolutely free 
of symptoms. He has returned to a normal diet. 


CASE 2.—W. M., a man 55 years of age, entered Syracuse University Hospital on Sept. 
12, 1954, with the chief complaint of intermittent dysphagia of seven years’ duration. 

Present Illness.—The patient stated that 15 years before during an ethanol bout at 
Thanksgiving, “I almost choked to death after swallowing a large piece of gizzard.” He 
Gidn’t recall further trouble until 1947 when he noted the slow onset of intermittent dysphagia. 
He recalled having difficulty swallowing large pieces of beef steak and similar large pieces of 
meat. He noted a sensation of “having a lump in my lower chest,” usually relieved by 
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swallowing some liquid. After a year or so, he noted that his eating habits had changed. 
Chewing food more thoroughly became routine. Strict adherence to this regimen relieved 
symptoms for several years. 

During the two years prior to admission, strict eating habits no longer were effective. 
For two years his diet was of necessity restricted to liquids, ice cream, and fine cereals. 

He was esophagoscoped by us in 1952 but no lesion was found. The stomach was 
readily entered. Barium studies revealed a normally emptying esophagus (Fig. 4). He was, 
therefore, told that he had a “nervous condition” and was given pills. He then found that 
pills would often cause severe symptoms. He denied heartburn, pain, vomiting, and weight 
loss. He was re-evaluated by us in September, 1954. 

Physical examination was essentially negative. The patient was a well-developed, 
well-nourished businessman. He did not appear acutely or chronically ill. 

Esophagoscopy was not repeated. Barium study of the esophagus revealed a typical 
web located just proximal to the cardia. The lumen measured 3 mm. (Figs. 5 and 6). 


Fig. 14.—Postoperative esophagograms of Case 2. 

At exploratory thoracotomy on Sept. 13, 1954, the findings and operative procedure as 
described in Case 1 were almost identical except that the lesion was palpable before the 
esophagus was opened. It presented as a firm localized circumferential thickening in the 
esophageal wall. This area corresponded to the base of the web. 

The described plastic repair was performed. 

The postoperative roentgenogram is shown in Fig. 14. 

The patient has been completely relieved of dysphagia and when seen in March, 1955 
(6 months postoperatively), he stated, “It’s like living anew. I can eat everything now.” 


COMMENT AND DISCUSSION 


Ingelfinger and Kramer deserve credit for first reporting the salient 
roentgenographiec findings of this lesion, although they were not certain of 
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the exact nature of the structure they were describing. They called it a 
‘‘contractile esophageal ring’’ and, although 1 case was treated with resection 
and esophagogastric anastomosis, the pathology of the lesion was not deter- 


mined. 

Schatzki and Gary described accurately the x-ray findings of this lesion 
and called it a ‘‘lower esophageal ring.’’ Although one of their patients was 
operated on and had an esophagoplasty, they, too, were uncertain about the 
exact nature of the lesion. We believe that Schatzki and Gary were precise 
in their original comments and description of this entity as a fixed ‘‘ring’’ 
which is present at all times although visible only when the esophagus proxi- 
mal and distal to it is distended more than the maximal diameter of the 
‘‘ring.’’? Ingelfinger and Kramer believed that the lesion was not preformed, 
that it occurred as a peristaltic wave approached the lower esophagus, and 
that the ring might have migrated down the esophagus toward the diaphragm. 
We are in agreement with Schatzki and Gary’s original report and in dis- 
agreement with Ingelfinger and Kramer regarding these x-ray findings. How- 
ever, in a subsequent report, one year later, Schatzki and Gary were inclined 
to believe that the ring represented the herniated esophagogastric junction. 
They regarded the narrowing as caused, not by an abnormal muscular con- 
traction, but by an inability of the esophagogastric junction to distend beyond 
a certain diameter. They stated, ‘‘The nature of the abnormality and its 
origin are not known, but the clinical and roentgenologic pictures are charac- 
teristic.’’® 

Surgery ‘in our 2 cases has proved the actual identity of the lesion to be a 
firm, moderately rigid web (or diaphragm) comprised of hyperplastic squamous- 
cell epithelium, submucosa, and muscularis quite similar to the normal lower 
esophageal wall. The web is about 3 mm, thick. In the first case the lumen 
was 3 mm. in diameter, in the second it was 5 mm. It is intraesophageal, about 
3 em, above the esophagogastrie junction. In the second ease, in addition to 
the web, there was a thickened intramural ring within the muscular wall the 
nature of which is not known. Both cases were undiagnosed with the first 
barium x-ray studies. Both were undiagnosed at esophagoscopy. This may 
seem faulty and difficult to understand. In each instance the instrument was 
passed to the obstruction, but it was not visualized as such. The endoscopist 
thought it was merely a matter of a difficult cardia to pass, since there was 
no tumor, ulcer, esophagitis, or visible stricture.* Both cases were operated 
upon in light of the subsequent x-ray findings, plus the severe obstructive 
symptoms. In the first case, the esophagus appeared normal and was negative 
to palpation. An esophagotomy was done about 4 em. above the cardia and 
the obstruction palpated. The end of a Kelly clamp could be passed through 
the lumen. With the left index finger introduced through a gastrotomy in- 
cision, the web was forced upward into the esophagotomy and a local plastic 
operation was done. In this manner, the cardia was preserved. In the second 


*With our present knowledge and experience, we think endoscopy will be properly 
interpreted in future cases of web. 
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case, the web was treated in the identical manner. The coexisting ‘‘ring’’ was 
ineised and fractured. In this case, the ring was palpated externally. Clini- 
eally, this simple plastic procedure has proved to be completely effective. 

Why does symptomatology occur late in life when the lesion is apparently 
congenital in origin? This poses an interesting problem and may stimulate 
considerable speculation. Is there sufficient hyperplasia of the mucosal epi- 
thelium and resultant ‘‘folding’’ of the layer to account for a change in lumen 
size? Does trauma, with associated edema and chronic inflammatory reaction, 
influence the mobility of the web? Perhaps these changes explain the mecha- 
nism of late symptoms. Currently, there are insufficient data to make positive 
statements regarding these questions. It is hoped that subsequent investiga- 
tion will supply the answer. 


SUMMARY AND CONCLUSIONS 


1. Two case reports have been reviewed illustrating a generally unrecog- 
nized clinical entity which causes dysphagia. 

2. The etiological factor has been clearly established as a membranous 
weblike structure occurring in the lower third of the esophagus. 

3. Its pathologie and clinical characteristics have been discussed. 

4. A successful operative approach has been described. 

5. Lower esophageal web should be included in the differential diagnosis 
of dysphagia. 


We wish to acknowledge the advisory and technical assistance of Dr. Paul Bunn, 
Associate Professor of Medicine; Dr. Richard B. Jamieson, Assistant Professor of Bacteri- 
ology; and Miss Stella Zimmer, Photography Department, State of New York, Upstate 
Medical Center, Syracuse, New York. 
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DISCUSSION 


DR. RICHARD H. SWEET, Boston, Mass.—Dr. Bugden has brought to our attention 
a most interesting lesion, but I submit that he is confusing two different conditions, because 
I do not believe that the so-called contraction ring described by Ingelfinger and also by 
Schatzki is necessarily the same thing. We at Massachusetts General Hospital have been 
puzzled to explain their findings. I have encountered three actual lower esophageal webs; two 
in infants and one in an adult, all three operated upon by local procedures such as described 
by Dr. Bugden and, incidentally, I favor opening the esophagus and doing a circumferential 
excision of the web. 

In the cases that Dr. Schatzki shows us and in Dr. Ingelfinger’s cases, one cannot see 
anything in the esophagus by esophagoscope. The instrument can be passed right into the 
stomach. On the other hand, these webs, including the three webs I have had, are readily 
seen by the esophagoscope. In the infants, attempts to dilate them were unsuccessful. 
There was an obvious mechanical difficulty. Some of the cases that Schatzki calls contrac- 





16 THE JOURNAL OF THORACIC SURGERY 


tion rings, I believe are small hiatus hernias where the esophagogastric junction is a little 
above the diaphragm, and not infrequently these patients with almost unrecognizable small 
hiatus hernias may have obstruction when they change their feeding hebits, as Dr. Bugden 
has pointed out. But I think he is talking about two entirely different conditions here to- 
day. 

DR. RALPH ADAMS, Boston, Mass.—Almost everybody in this Association has a 
case of almost anything, and I do not want to duplicate the lung abscess experience of a 
few years ago when practically every youngster present seemed to have one to report. 
But in the two cases of web of the type pictured, I think that the treatment may be much 
simpler than that diagramed and exemplified. I am sure there are two different conditions; 
Dr. Sweet brought that out. They may be distinguished by careful fluoroscopic and x-ray 
examination. No esophagus has been properly examined until the patient has been fluoroscoped 
in the Trendelenburg position. If bread is mixed with barium, thin barium becomes the 
functional equivalent of thick barium. In the Trendelenburg position, if one gives thin barium 
and then a swallow of thick barium subsequently, lower esophageal lesions, and particularly this 
one, are made evident more easily and more beautifully than by any other method. Dilatation 
by means of inflatable bag bouginage will correct these affairs very promptly and in a 
minimum length of time. 


DR. MAX G, CARTER, New Haven, Conn.—I am tremendously interested in this prob- 
lem and delighted to see that it is again brought to light by Dr. Bugden, but I rather agree 
with Dr. Sweet that perhaps he may have a different concept of what Dr. Schatzki has brought 
out from what I have. Since our roentgenologist became aware of this disorder some two 
years ago we have now seen 4 cases. These cases can be identified from the history, at 
least to some extent, and when they are examined properly with dilatation of the esophagus 
during fluoroscopy, the diagnosis becomes clear. In not one of these cases was there any 
abnormality by esophagoscopy except that the esophagoscope entered the stomach somewhat 
more readily than is usual. We therefore had the feeling that the patients probably had a 
“short esophagus” type hiatus hernia. This has been confirmed by x-ray. Finally, these 
patients have been subjected to dilatation by the Hurst mercury bougies which pass easily 
through a No. 48 F. without the slightest feeling of resistance. I may be in error, but I can- 
not imagine that would happen so easily with the cases Dr. Bugden showed us. 

(Slide) I am sure many of you have seen this illustration from the textbook by Dr. 
Templeton. He pointed out that this was a lesion which could be identified when the 
esophagus was distended, was not malignant, and should not be mistaken for malignancy. 
That was in 1944. Dr. Templeton did not name the lesion. 

(Slide) This illustrates a classical “contraction ring.” On the right there is disten- 
tion of the esophagus with air, almost like a contrast enema, showing the narrowed portion. 

(Slide) These pictures are of another patient with similar findings. There is the ordi- 
nary esophagram on the left and on the right the esophagus when the patient has swallowed 
bread together with thin barium. Our roentgenologist has become astute in finding these 
and I would like to ask Dr. Bugden whether he feels that this sort of lesion should be 
operated on. We have not operated on any of them. The patients report symptoms 
occurring during periods of emotional stress, when they perhaps eat a little too fast. One 
patient would get upset when his teen-age son would take the car and keep it out too late; 
then for a couple of days he would not be able to eat steak. When he learned what his 
problem was and that when he was angry with his son he had to chew a little more thor- 
oughly, he could eat normally again. 


DR. I. DARIN PUPPEL, Columbus, Ohio.—In our experience, the use of a No. 00 
barium-filled capsule has been more positive than the use of barium bread in bringing out 
defects in the lower esophagus. 

DR. B. H. RAMSAY, Los Angeles, Calif.—I should like to report the case of a 61-year- 
old man who was about to commit suicide. He stated that he had had no difticulty what- 
soever with swallowing until eight years before, when suddenly, with a normal meal, he 
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choked and thereafter he had never had anything but barley water and unsweetened 
gelatine. The correct diagnosis of web obstruction was not made. I operated upon him 
and did an esophagotomy of the lower 3 inches of esophagus with a Levine tube in place. 
The esophagus was hypertrophied; the mucosa appeared normal. I asked the anesthetist 
to pass a Levine tube to the stomach, and it passed the area of narrowing into the proximal 
inch of the stomach, but no further. In order to investigate this, I inserted my finger into 
the stomach through a gastrotomy opening and felt a membrane between the finger and 
the tube. I want to point this out, because this man had had dilations on several occa- 
sions by very competent men and each time was told that the esophagus was “like a 
sponge.” Actually, the Levine tube had invaginated a membrane downward into the 
stomach. There was a dense membrane about 0.5 mm. in thickness with a very small 
opening in the center. Because these membranes can be displaced or stretched downward, 
esophageal dilatation may not be simple. If the dilator does not penetrate the opening 
in the esophageal web, but displaces it downward, the dilatation force is directed against 
the esophageal wall but cannot affect the web itself. 


DR. C. F. STOREY, Portsmouth, Va.—I have had one patient with a lower esophageal 
web identical to those deseribed by Dr. Bugden except that it was located somewhat higher 
in the esophagus, near the junction of the lower and middle thirds. This lesion was en- 
countered in a 9-month-old white girl baby who had had increasing dysphagia and 
regurgitation since birth. She did fairly well on liquid nourishment but was unable to take 
any type of solid food. At operation through the right chest, the lesion could not be felt 
through the wall of the mobilized esophagus although it had been accurately localized by pre- 
operative barium swallows. A No, 16 red rubber urethral catheter was passed down the 
esophagus until the obstruction was met. <A 1.5 em. segment of the esophagus was then re- 
sected including, of course, the esophageal web, and esophageal continuity was restored by a 
two-layer end-to-end anastomosis. Examination of the resected specimen clearly showed that 
an operation of unnecessary magnitude had been performed. A small longitudinal incision 
in the muscle coats of the esophagus, resection of the web, and closure as described by Dr. 
Bugden would have been perfectly adequate. The patient’s postoperative course was 
entirely uncomplicated and there has been no tendency to narrowing at the site of the 
anastomosis in the eight months that have elapsed since her operation. The child is now 
able to eat all foods without difficulty. 


DR. RALPH BERG, JR., Spokane, Wash.—I would like to make the following re- 
marks in discussing the paper by Dr. Walter F. Bugden and Dr. J, Ernest Delmonico. Since 
this lesion is uncommon, I wish to present 2 cases diagnosed in childhood, 

Slide 1 demonstrates a diaphragmatic obstruction in the distal fourth of the esophagus 
partially obstructing it. This boy was 23 months old. This second slide demonstrates 
the findings two weeks following surgical excision of the diaphragm. This is the site of 
the esophagotomy which you note is the widest portion of the esophagus. Slide 3 shows 
a radiolucent foreign body obstructing the esophagus by occluding the tiny lumen in a 
fibrous diaphragm; also in the distal fourth of the esophagus. This child was an 11-month- 
old girl. 


Both patients have obtained complete relief after surgical excision of the diaphragms. 
soth patients had apparently normal esophageal function until they began to take solid food; 
then intermittent dysphagia appeared with solids. The boy’s lesion was missed in two pre- 
ceding esophagrams. The family had consulted a host of doctors trying to find the cause 
of his intermittent dysphagia and they were misled by “negative” radiographic studies. 


The first child is about two years postoperative, and the second, one year postopera- 
tive. Neither patient has had dysphagia or obstruction since operation and their diets are 
entirely normal. In both of these patients, the lesion was readily seen at esophagoscopy 
and attempts at dilatation were failures. Neither of these children had a history of inges- 
tion of corrosive agents. 
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Although these radiographs seem to be almost identical to those shown by Drs. Bugden 
and Delmonico, it seems inconceivable that a lesion such as demonstrated here could remain 
asymptomatic until adult life. Lesions of this type certainly merit further attention. 


DR, ERNEST DELMONICO (Closing).—I wish to thank the discussants. 

One purpose in presenting this subject was to stimulate interest, discussion, and in- 
vestigation. From the comments of the previous discussants, I believe the purpose has 
been fulfilled. With regard to some of the questions raised, we have reserved some 
ammunition, 

(Slide) A third-year medical student came to us one Sunday afternoon with a foreign 
body lodged in the lower esophagus. Prior to esophagoscopy he relatéd that for several 
years he was in the habit of carefully masticating his food to avoid dysphagia. Esophagos- 
copy located a small bolus of meat lodged near the cardia. Following its removal a definite 
narrowing was visualized near the esophagogastric junction. An attempt to pass the 
esophagoscope through this area resulted in fracturing the “web” as represented on this 
postesophagoscopic barium swallow. The patient no longer has dysphagia. This suggests 
that in some instances the lesion may be treated by endoscopic means. 

(Slide) The next patient was a man 55 years of age who complained of having 
dysphagia for 16 years. The web in this instance was responsible for only mild dysphagia 
and therefore a corrective procedure was not performed. This slide again illustrates failure 
of a thin barium swallow to demonstrate the lesion. 

(Slide) This is the same case. However, at this time a barium swallow with a bolus 
of bread was employed. Notice the relatively large diameter of the lumen of this web. 
Considerable mobility of the web was observed fluoroscopically, which may be a factor in 
producing only mild obstruction. 

Regarding treatment, we are not certain which cases should be treated by the 
endoscopic route and which by esophagoplasty. There are many variations of webs with 
regard to size of lumen thickness, pliability, ete. We do feel that the 2 cases reported in 


our paper could not possibly have been successfully treated endoscopically. 





LYMPHOMA OF THE LUNG AND PLEURA 


WILLARD VAN Hazeu, M.D.,* aANp Rosert J. JENstk, M.D.** (By INVITATION) 
Cuicagco, IL. 


HE related lymphogenous diseases, lymphosarcoma and Hodgkin’s disease, 

when occurring in the thorax have usually been considered to be medias- 
tinal lesions. Pulmonary and/or pleural involvement are seen in these dis- 
orders in incidence varying up to 33 per cent (parenchymal) and 50 per cent 
(pleural) (Rubin') but these localizations usually accompany the widespread 
dissemination seen in advaneed, preterminal, or autopsy material. 

In Robbin’s? analysis of a large series of proved lymphoma eases, approxi- 
mately 7 per cent were considered to have developed a lymphomatous process 
in the lungs. This analysis eliminated all pleural fluid cases and conceivably 
excluded some other cases, which possibly accounts for this low figure. 

Isolated organ lymphoma has been reported in bowel and stomach and 
examples of localized lesions, which would have permitted surgical excisions, 
were seen in 10 per cent of the autopsy material comprising Gall and Mal- 
lory’s®? series of proved lymphomas. 

More recently, case reports of pulmonary lymphoma treated by lobectomy 
or pneumonectomy have appeared, the first of these by Churehill,* Spatt, and 
(irayzel,> and Maier (1948),° although the resection in the latter report actually 
was done in 1944. 

The patient reported upon by Dr. Churchill was again ineluded in Robbins’ 
series, five and one-half years following resection, at which time a recurrence 
had developed in the lower lobe and in the left lung. 

Subsequent reports have also been published by Anlyan, Lovingood, and 
Klassen (1950)*; Beck and Reganis (1951); Weissman and Christie (1951)°; 
Sarokhan and Morrison (1953)'°; and Grimes, Weirich, and Stephens (1954).”? 

Our series consists of 12 eases seen from 1945 to the present time at St. 
Luke’s Hospital and Research and Educational Hospital of the University of 
Illinois and is divided into seven parenchymal and five pleural types. Brief 
abstracts of these cases follow although a summary of the data appears in 
Tables I and II. 

CASE REPORTS 

Case 1.—January, 1946. The patient (M. W.) was a 27-year-old white woman who 
had complained of shortness of breath, a cough, and expectoration of whitish sputum for 
six months. The onset was acute with pain in the left chest and the symptoms had 
increased in severity until the time of admission with the additional complaints of sweat- 
ing, weight loss (25 pounds), and weakness. 

From St. Luke’s Hospital, University of Illinois College of Medicine, Chicago, III. 

Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic Sur- 
zery at Atlantic City, N. J., April 24 to 26, 1955. 

*Senior Attending Surgeon, St. Luke’s Hospital; Clinical Professor of Surgery; University 
f Illinois College of Medicine. 


** Associate Attending Surgeon, St. Luke’s Hospital; Clinical Assistant Professor of Sur- 
‘ery, University of Illinois College of Medicine. 
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Physical examination revealed an emaciated, pale, white woman who appeared chroni- 
cally ill and had a temperature of 102° F. There was an enlarged node in the left cervical 
region and on the left side of the chest dullness was elicited in the lower half. Breath 
sounds were absent in the corresponding area. 

The laboratory data revealed the red blood count 2.2 million, with a white blood 
count of 13,900 and hemoglobin, 6.4 Gm. Sputum and bronchoscopic secretions were nega- 
tive for tubercle bacilli. 

X-rays of the chest over a 7-month period revealed a gradually increasing density in 
the left lung field which, at the time of admission, occupied two-thirds of the left chest 
(Fig. 1). 

Bronchoscopy was noncontributory and a needle aspiration yielded a small amount 
of blood-tinged fluid but no pus was obtained. 

An antero-axillary incision was made on the left side, a portion of two ribs was re- 
moved and a pocket lined by soft necrotic and fibrinlike tissues was entered. It could not 
be determined whether this was in the lung or between the lobes and, after sizable portions 
of tissue were removed, the wound was packed wide open with penicillin gauze. The 
pathologic examination revealed nodular gray tissue with a microscopic appearance of 
great variation. Much necrosis was seen along with cellular areas containing fibroblastic 
proliferation, variable-sized mononuclear cells, lymphocytes, and multinucleated cells. 
Tubular remnants of bronchioles could be seen surrounded by sheets of large mononuclear 
cells some of which were in mitosis. 

The interpretation of the slide was that of an epithelial neoplasm although at the 
time one of us (R. J. J.) thought the lesion was Hodgkin’s disease. This opinion was 
partially corroborated at the University of Illinois, where the opinion was expressed that 
it was Hodgkin’s sarcoma (Fig. 3). 

The patient received x-ray therapy and was discharged six weeks after admission. 
The complete clearing of the left lung did not occur until September, 1946 (Fig. 2). 

The patient has had two children since but, at the time of the second pregnancy, she 
developed nodes in the right cervical area and received x-ray therapy. Because of recur- 
rence of chest pain and shortness of breath, a therapeutic abortion was performed in 1951, 
following a third pregnancy. At this time, chest x-ray revealed a widening of the medias- 
tinal shadow. 

In July, 1953, fluoroscopy revealed further enlargement of mediastinal widening and 
nitrogen mustard was given. 

The last admission was in March, 1954, at which time the patient was markedly 
icteric, emaciated, and preterminal. She died and the autopsy revealed tissue involvement 
of the retroperitoneal and mediastinal areas, pancreas, spleen, kidney, adrenal glands, and 
lungs. The interpretation was reticulum-cell lymphosarcoma but the tissue sections demon- 
strated pronounced areas of fibrosis with but few scattered areas of cellular infiltration 
resembling that seen in the surgical specimen. These changes resembled the so-called 
‘‘burnt out’’ Hodgkin’s disease (Fig. 4). 


CasE 2.—February, 1947. The patient (A. F.), a 59-year-old white woman, had com- 
plained of a mild, dry cough, decreased appetite, and weakness for four to five months. 
Spicy foods had caused ‘‘stomach distress’’ following eating but gastrointestinal x-rays 
were negative. The chest roentgenograms revealed a dense, fairly well-demarcated mass 
in the right lower lobe at the cardiophrenic angle. 

The laboratory data revealed a RBC of 3.7 million; with hemoglobin, 11.5 Gm.; and 
WBC, 5,900. The differential count was normal and urine and Wassermann tests were nega- 
tive. Sputum specimens were scant and negative for tubercle bacilli. 

Bronchoscopic examination revealed compression of the right lower lobe bronchus 
and aspiration of the posterior basilar segment yielded a small amount of clotted blood. 

Thoracotomy was done at which time a lemon-sized mass was felt in the lower lobe. 
The overlying pleura was slightly puckered and the impression was that the lesion was 
carcinomatous. The lung along with lymph nodes at the hilus was removed and the con- 
valescence was uneventful. 
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The pathologic examination revealed a firm mass in the lower lobe which on cut sur- 
face had an irregular, indistinct border of gray color with flecks of carbon pigment. It 
had occupied slightly less than one-third of the collapsed lower lobe. The lymph nodes 


were mainly anthracotic. 

Microscopically, the sections consisted of numerous small lymphocytes infiltrating 
the lung parenchyma and obliterating all the architecture with the exception of remnants 
of bronchi and bronchioles. The lymph nodes were negative. 


Fig. 1. 


Fig. 2. 


Fig. 1.—Case 1. Mass in left chest; preoperative x-ray. 
Fig. 2.—Case 1. Postoperative chest x-rays. Clearing of process in lung required seven 


months. 
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The final diagnosis was small-cell lymphosarcoma. 

The patient re-entered the hospital three months later because of slight difficulty in 
breathing and swallowing accompanied by occasional palpitation. She was given a course 
of nitrogen mustard. 


Fig. 3. 


Fig. 4. 
Fig. 3.—Case 1. Surgical specimen—pleomorphism and many giant cells—Hodgkin’s 
sarcoma. 


; Fig. 4.—Case 1. Autopsy specimen—8 years later. Pronounced connective tissue pro- 
liferation; degenerative changes in tumor infiltrate. 
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The patient was not seen again. Death occurred in October, 1950, and the records 
of the referring doctor stated that it was due to cardiac failure. 


Case 3.—November, 1948. The patient (C. 8S.) was a 70-year-old white man, who 
entered the hospital with complaints of shortness of breath which had increased in severity 
during two years and a cough, of two months’ duration, productive of whitish phlegm 
streaked with blood. He had been hospitalized one week elsewhere because of a diagnosis 
of pneumonia and was improved but entered St. Luke’s Hospital at this time because of 
the persistent blood-streaked sputum and because of an abnormal shadow seen in the chest 
x-ray. Two years before the patient had been hospitalized because of a heart attack and 
since then had had occasional precordial pain on exertion. 

The physical examination revealed a somewhat short, stocky, elderly white man 
in no apparent distress. There were no enlarged lymph nodes in the cervical, axillary, or 
inguinal regions. The heart and lungs were normal, and the blood pressure was 130/80. 
There was a left inguinal hernia which could be reduced and a large soft tumor mass in 
the lumbar region, extending on both left and right sides, which was thought to be a lipoma. 

The laboratory studies revealed negative serology and a slight trace of albuminuria. 
The RBC was 4.2 million; hemoglobin, 12.9 Gm.; and the WBC, 9,300. The nonprotein 
nitrogen was 44 mg. per cent. 

The chest x-ray revealed a solitary density in the left upper lobe just lateral and 
superior to the hilus. It was not sharply circumscribed, having an irregular border which 
merged into the adjacent lung tissue. An x-ray two months later revealed no appreciable 
change. 

Bronchoscopy revealed slight compression of the upper lobe and broadening of the 
spur between the lingula and upper segmental bronchi. Biopsy was taken from the area 
and secretions aspirated for cytologic study, both of which were negative for tumor. The 
patient was discharged after the bronchoscopy but readmitted in two months because of 
the persistence of the hemoptysis. Repeat chest x-rays revealed no appreciable change. 

A thoracotomy was done, at which time a firm mass was felt in the left upper lobe. 
Although it was thought likely to be a carcinoma, only the upper lobe was removed because 
of the patient’s age and previous coronary history. The patient had an uneventful con- 
valescence and was discharged two and one-half weeks postoperatively. 

The pathologic examination revealed a mass, measuring 4.5 em. in greatest diameter 
and having a gray cut surface with scattered areas ot black. Microscopically, the lung 
tissue was replaced by dense masses of small lymphocytes. These areas were not ar- 
ranged in follicles and did not have a sinusoid pattern but replaced the parenchyma and 
surrounded the small bronchi, bronchioles, and vessels which could be identified. The patho- 
logic diagnosis was lymphosarcoma (small-cell) of the lung. 

The patient was seen two years later, at which time there was no evidence of recur- 
rence and the chest x-ray revealed good expansion of the remaining lower lobe. He has 
been lost to follow-up. 


Casg 4.—October, 1949. The patient (W. J.), a 53-year-old Negro man, had com- 
plained of slight shortness of breath and a cough for the previous two years with a grad- 
ual increase in symptoms accompanied by the development of mucoid expectoration in the 
past four to six weeks. He had had one episode of blood-streaked sputum about a year 
before. A mobile unit x-ray film taken in September, 1949, revealed an abnormality in the 
right lung field and admission to Research and Educational Hospital followed. 

Physical examination revealed a short, stocky Negro man in no obvious respiratory 
distress with normal pulse and temperature and blood pressure of 148/80. No enlarged 
nodes could be palpated in the cervical, axillary, or inguinal areas. Auscultation of the 
chest revealed dry rales in the right lung posteriorly. X-rays of the chest revealed a den- 
sity in the right upper lobe which was considered to be an infarction or atypical pneumonitis. 

Bronchoscopy was done on two occasions and revealed a compression and stenosis of 
the right upper lobe orifice. 
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Thoracotomy was done in November, 1949, at which time a firm mass was found in 
the upper lobe along the major fissure. The lobe was smaller in size and on positive pres- 
sure no expansion of the area occurred. Because of the reported stenosis, the upper lobe 
was removed. The patient had an uneventful convalescence. 

Pathologic examination revealed a firm mass of 5 em. in diameter in the peripheral 
portion of the lobe. The cut surface had a gray-pink color with scattered anthracotic 
patches. No point of origin could be identified in the opened bronchi. 

Microscopically, diffuse infiltration of mature lymphocytic cells was seen throughout 
the tissues. 

The final diagnosis was lymphoblastoma of the right upper lobe, low-grade lympho- 
sarcoma form. 

CASE 5.—November, 1949. The patient (I. W.) was a 24-year-old white woman who 
became ill in May, 1949, noting ‘‘clicking’’ sounds in the chest when lying down. This was 
followed by the development of a cough which was soon productive of green-yellow, foul- 
smelling material. She had pain in the right chest, vomiting attacks with the spasms of 
coughing, and had lost 32 pounds since the preceding July. An x-ray made in 1947 by a 
mobile unit was reported as negative but one made in July, 1949, was abnormal. The latter 
report had resulted in previous hospitalization and bronchoscopic studies (July and Septem- 
ber, 1949). 


Fig. 5.—Case 5. Large cavitary lesion in upper lobe right lung. Lipiodol residue in left lung. 


On physical examination, the patient appeared chronically ill with a temperature of 
100° F., pulse 90, respirations 24, and there were slight clubbing and cyanosis of the fingers. 
'here were a few small lymph nodes in the neck but no inguinal or axillary adenopathy. 
There was dullness over the entire right chest with many coarse bubbling rales. The liver 
and spleen were not palpable. 

The laboratory data revealed negative urine and serology. The RBC was 3.7 million; 
hemoglobin, 12.2; and hematocrit, 35.5. Sputum and bronchial aspirations were negative 
‘or tubercle bacilli as was guinea pig inoculation. Secretions were negative for fungi. 

Chest x-rays revealed a density occupying the upper portion of the right lung field, 
which gradually increased so that the entire right lung field was opaque. Subsequently, a 
‘avity and fluid level appeared in the upper lung field which, on lateral view, corresponded 
o the right upper lobe (Fig. 5). 
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Case 
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The bronchoscopic reports and pathologic interpretations were as follows: 


July 23, 1949: A granular, whitish mass was seen at the right side of the carina 
occluding entrance to the right main bronchus. The bronchoscope could not be passed be- 
yond the mass. 

Biopsy revealed fragments of hyaline cartilage and masses of necrotic tissue with 
ghosts of cellular structures. 

Diagnosis: Necrotic tissue, in all likelihood neoplastic. 

Sept. 10, 1949: A granular fungating mass was seen to arise from the right side of 
trachea, 1 em. above the carina, and it encircled the orifice of the right main bronchus. 

Pathology: Bits of squamous and respiratory epithelium were present. Many polys 
and lymphocytes were present beneath the epithelium. Areas of necrosis were present and sug- 
gestive of caseation. Necrosis was present but no acid-fast bacilli were seen. 

Diagnosis: Necrosis with acute and chronic inflammation and squamous-cell meta- 
plasia. 

Oct. 29, 1949: A reddish mass partially obstructed the right main bronchus. A biopsy 
was taken. 

Pathology: Dense connective tissue and granulation tissue were present. 

Diagnosis: Reactive changes not typically inflammatory. Larger cells present and a 
peculiar alignment were suggestive of a lymphomatous process. 

Nov. 18, 1949: Two raised areas were present 2 em. above the carina on the right lat- 
eral wall of the trachea. The mucosa was smooth. There was a stenosis of the right upper 
lobe but tissue was removed from within the orifice of the upper lobe. The carina was widened. 

Pathology: Hemorrhagic loose areolar and dense collagenous tissues were infiltrated 
with many acute and chronic inflammatory cells. 

Diagnosis: Acute and chronic inflammation of the bronchus. 

A thoracotomy was done on Nov, 29, 1949. Many adhesions were encountered. The en- 
tire upper lobe was firm with a fluctuant central area. The entire lung was removed with 
closure of the bronchus at the carina (Fig. 6). 

The patient made an uneventful recovery and on the second week postoperatively was 
given a course of nitrogen mustard therapy at the end of which time she was discharged 
from the hospital. 

The pathologic examination revealed a large cavity 10 em. in diameter in the upper 
lobe. The lining of this consisted of ragged, ulcerated, tan and gray tissues. There was 
a defect at the hilus, which communicated directly with the cavity, the wall of which was 
as large as 3 to 4 em. in thickness and resembled ‘‘fish flesh’’ in appearance. 

The middle and lower lobes were adherent by dense adhesions and on cut surface the 
bronchi and bronchioles contained creamy exudate. The nodes at the hilus were enlarged 
and firm. 

Histologically, much of the lung tissue was necrotic, pink, amorphous material. There 
were many scattered areas consisting of very pleomorphic large and small cells invading 
the atelectatic parenchyma. Some were multinucleated and giant in size. The lymph nodes 
contained many inflammatory cells. 

Diagnosis: Lymphoblastoma of right upper lobe with extensive necrosis; acute bron- 
chitis and chronic bronchopneumonia; and hyperplasia of hilar nodes (Fig. 7). 

This patient is alive and well at present, almost five and one-half years since surgery, 
and has had three children since then. 


CASE 6.—October, 1949. The patient (M. S.), was a 25-year-old white woman, a house- 
wife, who entered St. Luke’s Hospital with a history of generalized itching, swelling of 
the right side of the neck and a weight loss of 10 to 12 pounds during the previous six 
months. Following x-ray studies of the chest in August, the patient had entered a tubercu- 
losis sanatorium where streptomycin therapy was given for eight weeks’ time (Fig. 8). 
Despite treatment, there was a progressive increase in the number and size of the nodules 
and she was transferred for further work-up. 
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The physical examination revealed a young white woman with numerous areas of 
excoriation from scratching over most of the body surface. 

There were several 2 to 3 em. firm nodes palpable in the right cervical region and a 
few pea-sized nodes on the left side. The lungs and heart were essentially normal with the 
blood pressure of 135/70. The abdomen was negative. 

The laboratory data revealed negative urine and negative serology with a RBC of 
3.46 million, a WBC of 16,400, and hemoglobin of 10.3 Gm. 


Fig. 8.—Case 6. Nodular dissemination of Hodgkin’s disease. First interpretation was pul- 
monary tuberculosis. 


There were finely mottled, soft densities scattered throughout the right lung field 
with only faint suggestion of left lung involvement. An x-ray in October revealed coales- 
cence, enlargement, and increase in these areas. A chest film in 1954 revealed almost com- 
plete disappearance of the pulmonary infiltrations. 

A cervical node on the right side was removed, and the histologic diagnosis was 
Hodgkin’s disease. The patient received nitrogen mustard for four consecutive days. 

The second admission was in February, 1952, because of edema of the left lower 
extremity and lymph node enlargement in the inguinal area. She received another series 
of nitrogen mustard treatments on four consecutive days. 

The patient has not been seen since 1952 but she is still alive. Personal communica- 
tion with the family doctor revealed that the patient has had several repeated series of 
both x-ray and mustard treatments. 

CasE 7.—December, 1953. The patient (G. C.) was a 46-year-old white woman who had 
had an abnormality discovered in an x-ray of her chest made by a Mobile Survey Unit, 
six weeks before entrance to St. Luke’s Hospital. She had had previous films made which 
had been reported as negative. She was essentially without complaints except for slight 
fatigue. 

The physical examination failed to reveal any essential abnormality. No palpable 
nodes were present in the neck, axillary, or inguinal area. The heart and lungs were nor- 
mal. Blood pressure was 120/80. Liver and spleen were not palpable. 
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The laboratory findings revealed negative urine and serology. The RBC was 4.8 
million; WBC, 8,300; hemoglobin, 12.6, with lymphocytes 6, monocytes 4, neutrophils 83, 
and bands 7. 

The chest x-rays are shown in Fig. 9. 

Bronchoscopic examination revealed slight injection of the mucosa in the left lower 
lobe bronchus but no masses or compression of the segmental orifices. Aspiration deep in 
the lower lobe bronchus caused pronounced oozing from the bronchus and this material 
was sent for Papanicolaou and cell block studies, both of which were negative. 

At thoracotomy, a firm mass was found in the left lower lobe and on the interlobar 
surface the pleura had a brown discoloration, suggesting an infarction. Several small nodes 
were present along the bronchus and these were rcmoved with the entire lower lobe. 


‘ 


Fig. 9.—Case 7. Solitary mass in lower lobe of left lung. 

The pathologic examination revealed a mass which measured 7 em. in greatest diam- 
eter on cut surface and had a grayish-tan color (Fig. 10). No distinet point of bronchial 
origin was found. Histologically, the mass consisted of many small lymphocytes without 
distinet sinusoids or cortical nodules. These surrounded bronchi, bronchioles, and small ves- 
sels and contained scattered carbon deposits. The cells replaced the alveolar lung paren- 
chyma and the pathologie didgnosis was small-cell lymphosarcoma (Fig. 11). 

The resected lymph nodes were negative. The convalescence was uneventful, and 
the patient is alive and well almost eighteen months following surgery. 


Casg 8.—July, 1942. The patient (C.D.) was a 48-year-old white man who entered 
St. Luke’s Hospital in July, 1942, for bronchoscopic study and evaluation of an abnormality 
in a chest x-ray taken when he attempted to obtain a commission in the Armed Forces. Other 
than oceasional cough and slight expectoration associated with colds, he felt that he was 
entirely well. 

The physical examination was entirely within normal limits except for slight generalized 
obesity. The laboratory data were within normal limits and bronchial secretions were nega- 
tive for tubercle bacilli. , 
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The chest x-rays revealed a fusiform density at the lateral chest wall opposite the 
fourth through sixth ribs laterally and a soft nodular ill-defined density opposite the left 
pulmonary hilus. 

Bronchoseopic studies were essentially normal. 

The second admission was in October, 1947, at which time the patient complained of 
slight shortness of breath. The chest x-rays (Fig. 12) revealed enlargement of the density 
on the left side, a new density in the right lung extending from the first to third ribs an- 
teriorly and obliteration of the lower half of the right lung field, suggesting fluid. Thora- 
centesis was done and 2,300 ¢.c. of slightly turbid, yellow fluid was obtained. Histologically, 
this was reported as pleural exudate but the majority of the cells were lymphocytes. 

The third admission was in July, 1948, at which time the patient had marked dyspnea 
and a temperature of 104° F. During the past months, fluid had been removed at monthly 
intervals totalling about 6 L. Since the last aspiration, he had developed fever and pro- 
nounced dyspnea. Twelve hundred cubic centimeters of slightly turbid fluid were removed 
from which hemolytic Staphylococcus aureus was cultured. 

The chest x-rays at this time were essentially the same as of October, 1947 (Fig. 13), ex- 
cept for an increase in the size of the lesions in both chest cavities and the appearance of a 
third lesion in the costophrenic angle on the right side above the fluid level. 

A right thoracotomy was done in August, 1948. The two larger areas were extra- 
pleural in location and consisted of ‘‘soft fatlike tumor’’ with minute cystic spaces. A 
frozen section of this was reported as small-cell or round-cell carcinoma. The lower mass 
consisted of fibrin and extended between the lobes. The remaining pleura over the lower 
and middle lobes had the appearance of a pyogenic membrane and restricted the complete 
examination of the lung. The extrapleural masses were resected, the fibrin and exudate 
from the pleural space was removed, and decortication of the lower and middle lobes was 
done. The chest was closed with intercostal drainage. 

The tissue submitted for pathologie examination consisted of several portions, the 
largest measuring 8 by 7 by 2.5 em. It had a soft consistency with a gray and tan-brown 
cut surface. Histologically, the tissue was composed of lymphocyte-like cells, having very 
little cytoplasm and a vesicular nucleus. Very little stroma and only an occasional germi- 
nal center were present (Fig. 14). 

The hospital course was prolonged because of the persistence of the pleural space 
infection, and the patient was finally discharged with a residual pocket of about 90 e.e. 
in size. During the hospitalization, he received roentgen therapy over the right thorax 
following which there was complete disappearance of the lesion in the left chest as well. 

The fourth hospital admission was in November, 1948, at which time the pleural 
pocket was unroofed removing a portion of two ribs. Pathologic examination of the thick- 
ened parietal pleura did not reveal any evidence of lymphosarcoma at that time. 

In November, 1953, the patient developed diarrhea and blood in the stools, and on 
proctoscopic examination an adenocarcinoma was found at the 12 em. level on the anterior 
aspect of the rectum. An abdominoperineal resection was performed by Dr. Pontius and 
was followed by an uneventful convalescence. 

In February, 1954, the patient had an episode of blood-streaked sputum. An x-ray 
(Fig. 15) revealed the rib defects from the open drainage procedure on the right side and 
an ill-defined mass off the left hilus in the area of the previous mass in the left lung. 

Bronchus examination revealed the bleeding source to be in the right lower lobe. 
The left side was entirely normal. The pathologic study revealed only hemorrhagic bron- 
chial fluid. 

Roentgen therapy was again given over the left chest and the last x-ray, March, 1954 
(Fig. 15), demonstrated disappearance of the mass in the left lung. Bronchoscopy was 
repeated in March because of the persistence of the blood-streaked sputum and again con- 
firmed the site 01 che bleeding in the lateral basilar bronchus of the right lower lobe. Cell 
block and Papanicolaou examinations were negative for tumor. 

The bleeding disappeared after antibiotic therapy and since March, 1954, there has 
been no recurrence. 














32 THE JOURNAL OF THORACIC SURGERY 


The patient is alive and well at the present time, thirteen years after the first known 
evidence of lymphosarcoma, having undergone surgical and roentgen therapy for it, plus a 
cholecystectomy at another hospital and an abdominoperineal resection for adenocarcinoma 
of the rectum in that time. 


CasE 9.—-December, 1947. The patient (E. H.) was a 43-year-old white woman who 
had had pneumonia five months previously and had been treated at another hospital with 


Fig. 12. 





Fig. 13. 


Fig. 12.—Case 8. Enlargement of pulmonary shadows with pleural fluid; five-year inter- 
val. 


Fig. 13.—Case 8. Postthoracentesis. Mass on left is in left lung; nodules on right are 
extrapleural. 
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antibiotic medication. Following this, she had a persistent cough, expectorated thick, 
; brownish material, and had episodes of fever. She was ‘‘anemic’’ for which liver medica- 
tion was given. She developed hemoptysis and was rehospitalized where x-ray studies of 
the chest suggested fluid in the left pleural cavity. She was admitted to St. Luke’s Hos- 
pital in December for bronchoscopic study and evaluation. 

Physical examination revealed changes in the left chest suggestive of fluid and there 
were enlarged lymph nodes present in the right cervical and right inguinal regions. 





ace 


Fig. 14.—Case 8. Lymphocytic lymphoma. Cells are immature lymphocytes. 





Fig. 15.—Case 8. Recurrence of mass in left lung and clearing following x-ray irradiation. 
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The laboratory data revealed RBC, 3.8 million; WBC, 8,100; and hemoglobin, 11.5 
Gm. The urine and serology were negative, and the sputum was negative for tubercle 
bacilli. 

The x-ray studies demonstrated the left pleural cavity to be obliterated except for a 
small area of aerated lung at the apex. 

The bronchoscopic examination revealed a broadened carina and compression of the 
left main bronchus. Stenosis was present at the upper lobe orifice and the mucosa was 
thickened and friable. Biopsy was obtained from this area and the report was questionable 
lymphosarcoma of the bronchial mucosa. 

Fluid was aspirated from the chest and, histologically, showed numerous lymphocytes. 

A biopsy of an inguinal node was done and the histologic report was small-cell 
lymphosarcoma. 

She re-entered the hospital in July, 1949, because of swelling of the lower extremities. 
Physical examination revealed swelling of both lower extremities, more marked on the 
right, and a recurrence of nodes in the right inguinal area. The patient received x-ray 
therapy. Chest x-ray revealed no recurrence of fluid or widening of the mediastinum. 

She was readmitted in December, 1949, because of persistence of swelling in the right 
thigh. At this time, nitrogen mustard was given and improvement in the swelling occurred. 

In February, 1951, she was readmitted because of back pain and swelling in the neck. 
Treatment consisted of x-ray therapy to the neck and lumbar spine and there was im- 
provement but the cervical nodal enlargement recurred and more x-ray was given in 
May, 1951. 

Her last admission was in June, 1951, when she was preterminal. Mustard therapy 
was given but no improvement followed. The patient died in July, 1951, slightly less than 
four years after the onset of the disease. 

Review of lymph node biopsy revealed a very abnormal cellular pattern. The cells 
were variable in size and shape and scattered eosinophils were present. A very occasional, 
large, double nucleated cell was seen suggesting Sternberg-Reed-cells. Necrosis was not 
apparent. The diagnosis was finally made of early Hodgkin’s disease without necrosis or 
fibrosis. 


CasE 10.—December, 1949. The patient (1. E.) was a 40-year-old white woman who 
had developed pleurisy on the right side six months before and two months previously had 
noticed difficulty in breathing. She had been treated elsewhere and clear or slightly blood- 
tinged fluid had been aspirated from the left chest several times. 

On physical examination, no enlarged nodes were palpable but dullness to percussion 
and absent breath sounds were the abnormal findings on the left side. 

Laboratory studies revealed negative urine and serology. RBC was 4.1 million; 
WBC, 8,300; and hemoglobin, 12.9 Gm. The differential count was lymphocytes 6, mono- 
cytes 4, neutrophils 75, basophils 2, eosinophils 8, bands 5. The aspirated fluid was nega- 
tive to smear and culture. 

Treatment consisted of thoracentesis on two occasions, removing 1,500 c¢.c. of clear, 
straw-colored fluid and, two weeks later, 2,400 ¢.c. of light brown fluid. Between these 
two aspirations, a course of nitrogen mustard was given. 

Pathologically, the fluid contained numerous lymphocytes and the diagnosis of the 
blocked centrifuged specimen was of marked lymphocytic infiltration of pleural fluid. 

The patient re-entered the hospital a year later because of recurrence of fluid and 
1 L. was again removed. The histologic report again was of marked lymphocytic infiltra- 
tion of pleural fluid, and the patient received another course of nitrogen mustard. 

In 1952, following aspiration of recurrent fluid, the patient developed a hemolytic 
Staphylococcus aureus empyema, which was treated by aspiration and antibiotic therapy. 
Surgical drainage was not done because of the associated lymphosarcoma and the patient 
was discharged with a residual density in the left lower chest. She received x-ray therapy 
over the left chest (Figs. 16 and 17). 
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In October, 1954, the patient was admitted because of persistent fever and pain. 
Needle aspiration revealed thick pus and thoracotomy drainage was accomplished under 
local anesthesia. 

The thickened parietal pleura was submitted for histologic examination and revealed 
a dense layer of lymphocytic infiltration on one side of the collagenous tissue with a pyo- 
genic layer on the opposite side (Fig. 18). Pathologic diagnosis was lymphosarcoma of the 
pleura. 

The patient was hospitalized two more times in 1955 for nitrogen mustard therapy and 
x-ray therapy but she died in February, 1955, five and one-half years after the onset of 
her symptoms. Permission for an autopsy was denied. 


Fig. 16. 








Fig. 17. 


Fig. 16.—Case 10. Postthoracentesis x-rays of chest. 
Fig. 17.—Case 10. Residual empyema pocket, left chest and postthoracotomy film; 
spread St lymphoma to right lung. 
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Case 11.—October, 1953. The patient (T. M.) was a 67-year-old white woman who 
had noticed weakness and slight shortness of breath and had been treated elsewhere for 
heart disease. Because of the increase in her dyspnea, examination and x-rays of the chest 
by another physician suggested fluid in the right pleural cavity. She entered St. Luke’s 
Hospital, where the essential physical findings were limited to the right pleural cavity and 
suggested the presence of fluid. The heart was shifted to the left and had a normal sinus 
rhythm, and the blood pressure was 170/94. The liver was enlarged four fingerbreadths be- 
low the costal margin. 

The laboratory studies revealed a normal urine and serology. The RBC was 4.5 
million; WBC, 4,900; and hemoglobin, 13.2 Gm. 

Chest x-rays revealed a density in the right chest, suggesting fluid. Aspiration of the 
chest was done on two occasions, and 2,400 and 1,600 ¢.c. of slightly opalescent, straw- 


colored fluid were obtained. 


Fig. 18.—Case 10. Hyalinized connective tissue of pleura with dense infiltration of lympho- 
sarcoma above. 


The histologic study revealed many lymphocytes, and the diagnosis was submitted as 
lymphoeytie infiltration of pleural fluid. The second fluid specimen revealed similar lym- 
phocytes but to a lesser degree. 

Bronchoscopic examination revealed minimal increased redness of the mucosa but 
no evidence of bronchial compression or changes of the coryna. The aspirated secretions 
were negative for carcinoma (Papanicolaou and cell block study). 

A thoracotomy was done and 1,500 ¢.c. of fluid removed. There was slight injection 
of the parietal pleura but no nodular masses were present on the pleura. There were con- 
fluent, firm nodes below the right main bronchus extending downward into the pulmonary: 
ligament. Two nodes were present above the azygos vein and a walnut-sized mass was 
present above the diaphragm. Several of the nodes and the mass above the diaphragm 
were removed, and on histologic examination were reported as either reticulum-cell lympho- 
sarcoma or Hodgkin’s disease. 
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The patient was given nitrogen mustard after a suitable period of convalescence. 

Readmission was six months later (June, 1954). She had received x-ray therapy for 
enlarged nodes in neck, axilla, and inguinal area. She also had developed pain in the left 
leg and hip and required a crutch for walking. She was given another course of nitrogen 
mustard in June and in October, 1954. She died in February, 1955, at home, and permis- 
sion for an autopsy was not obtained. 

The final reclassification of the node pathology was Hodgkin’s disease. 


CasE 12.—November, 1953. The patient (V. D.) was a 50-year-old white woman who 
had complained of a gradual increase in shortness of breath and a nonproductive cough for 
the preceding four months. She was treated with digitalis and diuretics by her family 
doctor but her complaints increased. After x-ray studies revealed fluid in the right pleural 
cavity, thoracentesis was done which yielded 500 ¢.c. of fluid on one oceasion and three 
weeks later, 1 L. of slightly blood-tinged fluid was aspirated. The patient had had acute 
rheumatic fever as a child of 13. 

The physical findings were essentially confined to the right chest, where changes in- 
dieative of pleural fluid were elicited. The heart was normal in rhythm and rate with a 
blood pressure of 138/80. A few small nodes were palpable in each axilla. 

The laboratory findings revealed a RBC of 4.9 million; WBC, 10,400; and hemoglobin, 
14.3 Gm. The differential count was lymphocytes 24, monocytes 3, polymorphonuclear leu- 
koeytes 60, eosinophils 4, and bands 9. 

X-rays of the chest revealed obliteration of the lung markings by fluid. 

Approximately 1,500 ¢e.c. of amber fluid were removed from the right pleural cavity. 
lollowing aspiration, a fusiform widening of the right side of the mediastinum was seen. 
Histologic examination of the blocked centrifuged specimen revealed myriads of lympho- 
evtes and the suggestion of the pathologist was that the patient might have a lymphoma. 
Three small nodes were removed from the axilla and were negative histologically. She 
was given nitrogen mustard for four consecutive days and a chest x-ray subsequently re- 
vealed narrowing of the mediastinum and only a small amount of fluid in the pleural cavity. 

She was readmitted five weeks later complaining of shortness of breath and swelling 
of the ankles. Fluid was aspirated from the chest twice, six and twelve days later. 

Two liters of fluid was removed which had the same histologic findings. Chest x-ray 
revealed marked mediastinal widening and hydropneumothorax. Following this, roentgen 
therapy was given. 

She was readmitted six weeks later with complaints of shortness of breath, anorexia, 
weight loss, and diplopia. The chest contained fluid, the liver and spleen were enlarged, 
nodes were present in the neck and there was a lateral deviation of the right eye. The 
right chest was aspirated and 2,200 c.c. of fluid was obtained. Nitrogen mustard therapy 
was repeated and the patient was discharged with questionable improvement. 

Death occurred in April, 1954, at home and permission for autopsy was not obtained. 


DISCUSSION 


Analysis of this group revealed that the symptomatology was absent, 
minimal, or pronouneed. At least 3 patients had silent pulmonary shadows, 
| had oceasional blood-tinged expectoration, and 2 had overwhelming symp- 
toms of toxemia with anemia, fever, severe cough with varying degrees of 
productivity, and marked weight loss. As would be expected, shortness of 
breath was the chief complaint of those in the pleural fluid group. The age 
eroup varied from 24 to 70 years but there was a definite tendency toward a 
young age incidence. Two of the patients, who were in the third decade, had 
‘fodgkin’s disease which has a tendeney toward early occurrence in life (Gall 
ond Mallory’). 

The sex incidence was in contrast to that in the collected series of Beck 
«nd Reganis.§ Seventy-five per cent of the patients were women. 
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The roentgenologic changes similarly were extremely variable although 
a cireumscribed density was present in 4 patients. One of the patients with 
pleural fluid had two densities which were extrapleural on the same side and a 
density in the contralateral lung. Two patients had massive pulmonary in- 
volvement, in 1 of whom bronchial occlusion, consolidation, and abscess forma- 
tion were present. A disseminated nodular disease present in both lungs but 
primarily on the right side was seen in 1 patient in this group. This corre- 
sponded to the Class II type reported in Robbin’s roentgenographie study, 
which group incidentally comprised over 85 per cent of the reported cases. 

The patients with pleural fluid all exhibited typical fluid shadows, and in 
1, mediastinal changes subsequently occurred. 

Examples of the variations in roentgenologie appearance accompany the 
briefs of the case histories. 

Likewise, the bronchoscopic findings are listed in the abstracted histories. 
For the most part, information obtained was limited. One patient was bron- 
choseoped four times prior to resection and with biopsy material obtained on 
one of these oceasions changes suggesting a lymphoma were reported. One 
patient in the pleural fluid group had a biopsy of the wall of the left main 
bronchus, the site of compression at the left upper lobe orifice, and this re- 
vealed lymphoeytie infiltration of the bronchial mucosa, possibly lymphosar- 
coma. These two instances were the only examples in the series in which diag- 
nosis was suggested by bronchial material. In the remainder, negative reports 
or instanees of varying degrees of bronchial compression were described. 

Of particular interest were the pathologie findings. Four patients in the 
resected group had a solitary mass which varied from a few centimeters up 
to 8 to 10 em. in greatest diameter. These were firm, rubbery in consistency, 
and had a bulging cut surface varying from pinkish-gray to tan-gray color. 
The margins in most instances were finely irregular and what might be 
deseribed as fuzzy, blending into the surrounding parenchyma. The tumor 
mass could not be enucleated from the lung; however, the masses of tumor 
which were resected in Case 8 were separated from the extrapleural tissues 
by a fairly distinct line of cleavage. This tumor tissue also had a gray and 
tan cut surface. 

One resected specimen contained a large abscess cavity and almost the 
entire upper lobe was involved. Again the eut surfaces had a pink-gray color 
and the pathologist chose the term “‘fish flesh’’ in deseribing it. 

The most common histologie type was the lymphocytic lymphosarcoma. 
Microscopically, there was a diffuse infiltration of small lymphocytic cells 
without semblance of normal lymphoid architecture. Sinusoids, trabeculae 
and germinal centers were totally lacking but remnants of small bronchi, bron- 
chioles, and vessels could be identified. There were occasional less differen- 
tiated cells which appeared as larger cells with a more vesicular, less heavily 
stained nucleus and occasional nucleolus, which could be interpreted as lympho- 
blasts. 

The solitary tumor lesions in 4 patients were of this type. In one patient 
with extrapleural masses and pleural fluid, the tumor pathology in the contra- 
lateral lung also was of this type and Case 10, a patient with recurring pleural 
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fluid, demonstrated the identical histologic changes in the thickened sear tis- 
sue excised from the parietal pleura. The photomicrographs in Figs. 11 and 
15 are of this histologic type. 

The histologic picture of the lung resected in Case 5 was that of a very 
immature type cell, large, variable in size and shape, and in some instances 
having eytoplasmie processes extending from the cells (Fig. 7). The nucleus 
contained seant chromatin and frequently nucleoli were apparent. Consider- 
able necrosis with a variegated assortment of scattered polymorphonuclear 
and mononuclear inflammatory cells were also seen. 

Although this was classified as a lymphoblastoma, it would be more in 
keeping histologically with a clasmatocytoma (Gall and Mallory*) or a reticu- 
lum-eell sarcoma (Jackson and Parker'?), depending upon the classification 
followed. It is of interest that in view of the very undifferentiated and im- 
mature character of the lesion, this patient is still alive and well without evi- 
denee of recurrence, five and one-half years following resection. 

The majority of the reported cases in the literature would seem to fall 
in the lyvmphoeytie-eell type judging from what can be learned from the photo- 
micrographs and eytologie descriptions. However, the cases reported by 
Maier,® Spatt and Grayzel,’? and Grimes, Weirich, and Stephens" are more 
suggestive of lymphoblastoma types. 

Case 1, in which only partial resection was done, was histologically the 
most bizarre and anaplastic lesion of the series. The sections were exceedingly 
pleomorphie with odd-sized and -shaped cells and numerous multinucleated 
giant eells. Frequent mitoses were evident as well as moderate polymorpho- 
nuclear cells, especially eosinophils. Necrosis and scattered fibrillar areas 
could be seen. Although the first diagnosis was undifferentiated epithelial can- 
cer, review of this material resulted in its classification as Hodgkin’s sarcoma. 
igs. 3 and 4 are sections from this patient, the latter specimen being from the 
autopsy eight and one-half years following thoracotomy. At this time pro- 
nouneed, dense collagenous tissue was apparent but still discernible were islets 
of bizarre, pleomorphie cells, some of which were very dark staining, indiecat- 
ing beginning necrotie changes. The appearance of the latter section was very 
similar to the long-standing, chronie ‘‘burnt-out’’ Hodgkin’s disease. The long 
duration of this patient’s illness is not in keeping with the generally known 
prognosis of the Hodgkin’s sarcoma group. 

Last, the pathologic features of the pleural fluid group were of interest 
in that cytologic examination of the blocked centrifuged fluid contained 
ivriads of rather mature lymphocytes. Material obtained for histologic 
study in 2 of these patients at the time of thoracotomy was histologically 
identical with the lymphocytie type lymphosarcoma described previously. In 
one of these patients, the procedure was done to drain an empyema pocket and 
, section of the thickened pleural tissues revealed a pyogenic cellular reaction 
m one surface of the dense hyalinized tissue and on the other a very dense, 
‘ellular lymphosarcomatous infiltration (Fig. 18). 

Two patients in this group had lymphocytie infiltration into the pleural 
inid and had a final diagnosis of Hodgkin’s disease. In 1, thoracotomy was 
lone and revealed slightly enlarged lymph nodes in the inferior pulmonary 
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ligament and a single node superior to the azygos vein. Histologically, these 
were consistent with Hodgkin’s disease, demonstrating pleomorphic cellular 
aggregates, eosinophilic polymorphonuclear leukocytes, and Sternberg-Reed 
cells. Although the other ease did not have thoracotomy, the diagnosis of 
Hodgkin’s disease was made from inguinal node biopsy. Very interestingly, 
this patient also had the typical lymphosarcoma infiltration which showed in a 
bronchoseopie biopsy. It is difficult to explain this, as the constaney of the 
lymphoma lesions is well shown in the figures of Gall and Mallory. About the 
only change oceurring in individual cases was in degree of differentiation and 
that in only some 23 per cent. It might be possible to explain the bronchial 
infiltration as a very early stage in which the lymphocytic infiltration was so 
marked as to obseure the other cellular components. 

In 5 patients with parenchymal disease, lobectomy was performed in 3 
and pneumonectomy in 2, accomplishing complete removal of the lesion in all 
5 eases. The hilar lymph nodes removed along with the lobe or lung were all 
negative for tumor. One other patient in this group had only partial removal 
of the tumor beeause of the widespread involvement and was treated with 
x-ray and nitrogen mustard therapy (Hodgkin’s sarcoma, Case 1). Of interest 
was the delay in the clearing of the left lung field following irradiation. 

The other patient with partial resection was in the pleural fluid group. 
The surgery consisted of resection of the extrapleural masses in the right 
chest and decortication of the lower lobe for the complicating superimposed 
empyema. After the diagnosis was established, roentgen therapy was given 
over the right chest and the lesion in the left lung disappeared. 

The treatment in the pleural fluid group consisted of aspiration, x-ray, 
and nitrogen mustard therapy. In 2 patients, drainage procedures were neces- 
sary because of complicating pyogenic infections and, in 1, biopsy material was 
obtained to substantiate the diagnosis of lymphoma. One patient had a pe- 
ripheral node biopsy made for diagnosis, which was also done in 1 patient in 
the parenchymal group (Case 6). 

The results obtained in this series are summarized in Tables I, II, and 
IIT, the latter consisting of the resected cases. Three of the 5 patients with 
total resection are alive, the length of time varying from one and one-third 
years up to five and one-half years. One has been lost to follow-up, and one 
survived three years before dying of cardiac failure. 

Of the 2 cases with partial resection, 1 survived for more than eight years 
and the other is alive more than thirteen years from the date of the first x-rays 
revealing an abnormality, and almost seven years from the time the diagnosis 
was established by surgical exploration and removal of tumor. 

Four of the patients with pleural fluid died in periods ranging from five 
months to five and one-half years. The patient with the shortest survival time 
(Case 12) died away from the hospital and autopsy material was not available. 
This was the only patient in the entire group in whom the only material ob- 
tained for the diagnosis was pleural fluid. 
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TABLE III. RESULTS OF RESECTION IN PULMONARY LYMPHOMA 











HISTOLOGIC 
PATIENT SITE DIAGNOSIS TREATMENT RESULTS 
M.W. Left lung Hodgkin’s sarcoma Subtotal resection; nitro- Dead; 8% yr. survival 
9-45 gen mustard; roentgen 
AE. Right lung Small-cell Right pneumonectomy Dead; 3% yr. survival 
3-47 lymphosarcoma 
c.8. Left lung Small-cell Left upper lobectomy Lost to follow-up after 
1-49 lymphosarcoma 2 yr. 
W. J. Right lung Small-cell Right upper lobectomy Alive 514 yr. 
11-49 lymphosarcoma 
I. W. Right lung Lymphoblastoma Right pneumonectomy Alive 51% yr. 
11-49 
Gee; Left lung = Small-cell Left lower lobectomy Alive 14% yr. 
12-53 lymphosarcoma 
C. D. Bilateral Small-cell Subtotal resection; nitro- Alive 13 yr. 
1942 lymphosarcoma gen mustard; roentgen 





SUMMARY AND CONCLUSIONS 


Seven eases of pulmonary and 5 of pleural lymphomas are reported with 
special emphasis directed toward the pathologic aspects and comparison of 
these and the clinical features with previously reported material. 

Pulmonary resection with complete removal of the disease was accom- 
plished in 5 patients with survival in 2 of these being over five and one-half 
years and in 1, one and one-third years. One patient was lost to follow-up 
after two years and 1 died after three years from eardiae failure. 

Partial resection established the diagnosis in 2 others allowing for adjune- 
tive therapy and survival rates of eight and one-half years in 1 and thirteen 
years in the other. 

The majority of the lesions were of the lymphocytie-type lymphosarcoma 
and this group of patients was more favorable for resection as well as having 
the best survival rates. 

The prognosis of the lymphoma group as a whole would seem to be more 
favorable than that for pulmonary or pleural carcinoma. 


REFERENCES 


1, Rubin, KE. H.: Diseases of the Chest With Emphasis on X-Ray Diagnosis, Philadelphia, 
1947, W. B. Saunders Company. 

2. Robbins, he des Roentgenological Appearance of Parenchymal Involvement of the 
Lung by Malignant Lymphoma, Cancer 6: 80, 1953. 

3. Gall, E. A., and Mallory, T. B.: Malignant Lymphoma; Clinico-Pathologie Survey of 
618 ——. Am. J. Path. 18: 381, 1942. 


4, Churchill, E. D.: Malignant Lymphoma and Pulmonary Coccidioidomycosis; Clinie on 
Surgical Lesions of Lung With Consolidation, 8. C lin. North America 27: 1113-1120, 
1947. 


5. Spatt, S. D., and Grayzel, D. M.: Primary Lymphosarcoma; Case Report and Review 
of the Literature, Ann. Int. Med. 27: 632-638, 1947. 
6. Maier, H. C.: Primary Lymphosarcoma of Lung, J. THoRAcIC SuRG. 17: 841, 1948. 
7. Anlyan, A. J., Lovingood, C. G., and Klassen, K. P.: Primary Lymphosarcoma of the 
Lung; Case, Surgery 27: 550- 563, 1950. 
8. Beck, W. C., and Reganis, J. C. Primary Lymphoma of the Lung; Review of Litera- 
ture, Report of a Case “aa Addition of Eight Other Cases, J. THORACIC SurG. 22: 
323, 1951. 
Weissman, I., and Christie, J. M.: Primary Lymphosarcoma of the Lung; Report of 
Case, A. M. A. Arch. Surg. 62: 129-133, 1951. 
10. Sarokhan, J., and Morrison, D. A.; Primary Lymphosarcoma of the Lung, Ann. Surg. 
138: 140-143, 1953. 


S 











42 THE JOURNAL OF THORACIC SURGERY 
















































11. Grimes, O. F., Weirich, W., and Stephens, H. B.: Primary Lymphosarcoma of the Lung; 
A Report of Two Cases, J. THORACIC SurG. 27: 378-383, 1954. 

12. Jackson, H., Jr., and Parker, F., Jr.: Hodgkin’s Disease and Allied Disorders, New 
York, 1947, Oxford University Press. 


DISCUSSION 
DR. HERBERT C, MAIER, New York, N. Y.—I should like to give a follow-up on a 
case of small-cell lymphosarcoma that was referred to, in which the patient was operated 
upon ten and one-half years ago when a pneumonectomy was performed. The patient at 
that time was 50 years of age and (slide) had extensive involvement of the left lung in- 
cluding the-whole upper lobe and a part of the lower lobe by infiltration across an incom- 
plete fissure. The lymph nodes were negative. The subsequent course was as follows: 
(slide) An x-ray taken three years later showed a lesion in the other lung that re- 
sponded readily to small doses of radiation. He remained well until 1951, having had the 
pneumonectomy in 1944. A small lesion then appeared in the paramediastinal region which, 
as the next slide shows, increased in size. 
(slide) Again with small doses of radiation, the lesion disappeared within a short 
time. 
(slide) This is a recent inspiration and expiration film; you see there is excellent 
ventilation of the remaining lung which was not interfered with by the relatively small 
doses of irradiation. The patient has no dyspnea at the age of 61 which I think is largely 
due to the excellent expansibility of the remaining lung. He has been entirely asympto- 
matie and, as a matter of fact, did not even have symptoms at the time he showed roentgen 
evidence of recurrence of the disease. 
(slide) I show this next case for a different purpose. This patient was operated on 
only three years ago for reticulum-cell lymphosarcoma. When this woman, who was in her 
40’s, came to us, she had x-rays that showed that the mass had almost doubled in size in 
a three-week period prior to operation. At operation, there was no lymph node involvement 
but just a large mass in the right middle lobe which involved the visceral pleura and had 
a granular appearance. The middle lobe was removed and she was well on a follow-up 
visit last week, three years after operation, in spite of the rapid growth of the neoplasm 
preoperatively. 
DR. BRIAN BLADES, Washington, D. C.—Four cases of primary lymphosarcoma of 
the lung have been seen at the George Washington University Hospital. In these four 
cases there was one unique problem, which is probably worth describing. 
The patient, a 40-year-old woman, had been using oily nose drops for many years. 
Her case had been used for demonstrations of lipoid granuloma for some time. She had 
bilateral x-ray changes compatible with this disease and fat droplets had been demon- 
strated in the sputum. 
The internist in charge of her case had x-rays made at six-month intervals and, after 
a couple of years, noticed that on the right side the shadow was more opaque and was 
assuming a rounded, solid appearance. All her studies were repeated, but there was no 
clue as to what might be going on. Finally, it was decided to perform an exploratory 
thoracotomy. At that time a lymphosarcoma was found. No involved lymph nodes could 
be located in the mediastinum. Under ordinary circumstances, a pneumonectomy would 
have been performed, but there was a serious problem of contralateral disease, which also 
might be lymphosarcoma. We were reluctant, therefore, to remove the lung. Dr. Charles 
Thompson, the internist in charge of the case, made an excellent suggestion that we block 
off the side known to be involved with lymphosarcoma, with lead sheeting, and give x-ray 
therapy to the unknown or left side. After a test dose of x-ray there was no change in the 
left side, and we therefore proceeded with the pneumonectomy on the right. She is now 
alive and well after more than two years. 


DR. ARTHUR H. AUFSES, New York, N. Y.—I think it is important to remember 
that in this disease there are some benign lesions, Had the essayist mentioned the first 
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4 cases in the literature I think he would have mentioned the 1 about which I am going to 
speak, which was published in the Journal of the Mount Sinai Hospital in 1951. This pa- 
tient also had no pulmonary symptoms. 

(slide) In 1947, she was found to have a lesion in the lung when she had gastrointes- 
tinal x-rays made because of some abdominal distress. The series was negative and the 
lesion was investigated. Two bronchoscopies were negative, and she was operated upon. 
A diffuse lesion was found in the upper lobe, infiltrating the middle and lower lobes. A 
pneumonectomy was performed because the pathologist thought this was a tumor on 
frozen section, although he could not say exactly what kind of neoplasm. 

(slide) Here is a tomogram showing this mass; this was not atelectasis, this was 
tumor extending into the upper lobe. Our pathologist felt that this was what he would 
have to call a benign lymphoma; it was composed of a mass of mature lymphocytes which 
had replaced the pulmonary parenchyma and which had not invaded the bronchi or the 
arterial system. There were no mitoses. He could not call this lymphosarcoma as such. 
We decided not to give any further therapy to this patient. She is alive and well eight 
vears after operation. 


DR. JOHN F. HIGGINSON, Portland, Ore.—It is of interest to me that the authors 
found that bronchoscopy was of little diagnostic aid in these cases. My own experience 
has been very limited. In the Journal of Thoracic Surgery for December, 1950, Dr. Grismer 
and I reported an instance of obstructing intrabronchial Hodgkin’s disease diagnosed by 
bronchoscopic biopsy. By way of follow-up report it might be interesting for the audi- 
ence to know that this patient died May 31, 1953, of the disease. There was no autopsy. 
This was two months short of four years following diagnosis and x-ray therapy. He had 
been last seen with a negative bronchoscopy on July 18, 1950, twelve months following the 
original diagnostie bronchoscopy. 


DR. JOHN L. POOL, New York, N. Y.—There are two points to which I should like 
to call attention. The first concerns diagnosis. We are all sure in our minds in this group, 
certainly, that any intrathoracic shadow, the nature of which is not clear, deserves diag- 
nosis by histologie methods. 

(slide) I would like to point out that in these shadows in the chest one should also 
consider the fact that a supraclavicular lymph node, even though not palpable, may furnish 
the diagnosis. I raise that question because of a second point, which is the question of 
primary treatment for lymphoma disease of the lung when diagnosis has been established. 
If there is no diagnosis possible by extrathoraciec biopsy and intrathoracic biopsy 
is undertaken, it is my feeling that a minimal dissection of lung tissue is in order, 
because from the therapeutic point of view, radiation therapy is the treatment 
of primary choice. For instance, in a woman of 31 years of age, chest x-ray showed a 
6 em. spherical shadow in the anterior segment of the right upper lobe. A supraclavicular 
node was biopsied and showed Hodgkin’s disease. Radiation therapy was employed to the 
neck and the localized pulmonary shadow and this slide shows the situation three years 
later with minimal searring in that area, because radiation was kept to the local area. But, 
as also illustrated by other cases today, a new area appeared in the other lung which also 
disappeared under radiation therapy as the final slide shows. You see minimal scarring 
in both lungs and both areas are clear two years later. The conclusion is that intrathoracic 
surgery for the lymphomatous diseases is for diagnosis and that therapy by radiation 
methods is best. 


DR. GEORGE W. B. STARKEY, Boston, Mass.—I would like to commend the authors 
for their interesting paper and briefly add 7 cases of intrapulmonary lymphomas which we 
(Starkey, Strieder, Lynch) gathered together recently. I agree with the authors that often 
supraclavicular node, pleural fluid, and bronchoscopic biopsy may fail to make the proper 
diagnosis and so thoracotomy should be done. This was necessary in our 7 eases. 

Briefly, we had 4 cases of small-cell lymphosarcoma. Two of these patients merely 
had biopsies and died about nine and ten months, respectively, after biopsy. The other 2 
had resections, 1 being alive and well four years postoperatively and the other alive and 














44 THE JOURNAL OF THORACIC SURGERY 


well seven years later. The fifth had a reticulum-cell sarcoma, had a pulmonary biopsy, 
and was treated with nitrogen mustard, and is alive and well six and one-half years later. 
The sixth and seventh patients had Hodgkin’s disease. One had a right upper lobectomy 
plus nitrogen mustard and x-ray and continues to do well after two years. The last patient 
merely had a lung biopsy and was treated with nitrogen mustard and x-ray and is also well 
more than two years later. 


DR. JOHN M. SNYDER, Bethlehem, Pa.—I would like to add one more case which 
presented several interesting points. The patient, a 35-year-old woman, the mother of three 
children, presented herself in March, 1952, because of hemoptysis and upper retrosternal 
pain of one and one-half months’ duration. Physical examination was negative, and x-ray 
of the chest showed a left upper hilar mass which in lateral view appeared slightly anterior 
and superior to the hilum. Bronchoscopy was grossly negative, but washings of the upper 
lobe bronchus were reported as showing small collections of cells resembling lymphocytes, 
variable in size and hyperplastic in appearance, suggesting the mass to be a lymphoma in 
the lung. 

At exploration, the mass was found to be primarily in the upper lobe, and later patho- 
logic examination showed it to arise in one of the primary apical divisions of the left upper 
lobe bronchus leading directly into the area. At the operating table what was considered 
to be a direct extension into the mediastinum involved the apex of the pericardium at the 
anterior base of the aorta, and after resection of this part of the pericardium, the mass 
was found also to involve the left lateral wall of the superior vena cava. The lateral wall 
was resected for about 14% inches, and since a frozen section at the time from a single 
contiguous mass was misinterpreted as a carcinoma, a left pneumonectomy was performed. 
No superior vena caval compression syndrome resulted as quite an adequate amount of 
vein had been left. Fixed section examination of the lung mass, approximately 5 by 4 by 3 
em. in size, showed it to be a Hodgkin’s granuloma. The mediastinal extension on cut 
section showed several matted nodes. The edges of the pericardium and superior vena 
cava removed with the mass were microscopically tumor free. 

The patient received 2,500 r of x-ray therapy postoperatively, and as the x-ray shows 
is alive and well without evidence of recurrence or metastasis three years later. 


DR. ROBERT J. JENSIK (Closing).—I would like to thank the diseussers for their 
remarks, and for the addition of the cases they have seen. I am interested in what Dr. 
Maier said about the result in his patient. A lot can be learned by comparing end results 
with the histologic types of lymphomas, although there is no absolute correlation seen. In 
one of our cases the picture was that of a very immature lymphocytic lymphoma, and the 
survival was more than five and one-half years which is an exception. Our first case was 
Hodgkin’s sarcoma and the survival of more than eight and one-half years was not in 
keeping with the prognosis in Hodgkin’s sarcoma. So that all we can do is offer generali- 
ties which will bear support as additional material is collected. 

With regard to Dr. Aufses’ reference, we did not quote that, but I would like to say 
that making the diagnosis of benign lymphoma should be done with the fingers crossed. 
Several of the patients in our series had a histologic picture of very mature lymphocytes 
in keeping with the picture of mature lymphoid tissue. One patient of this group had 
disseminated lesions to the lymph nodes of the neck, inguinal region, and opposite lung at 
the time of death. 

With regard to Dr. Pool’s remarks, we always examine for peripheral nodes, because 
the demonstration of tumor in these in many cases precludes resection of the chest lesion. 
In none of the patients of this group in whom complete removal of the tumor was accom- 
plished was peripheral lymph node involvement found. Furthermore, the hilar lymph nodes 
were free of any changes suggestive of lymphoma. 











PROSTHESIS FOLLOWING EXCISION OF CHEST WALL TUMORS 


Bert H. Corron, M.D., GeorGe A. PAULSEN, M.D. (BY INVITATION), AND 
Jack Dykes, M.D. (By INVITATION) 
Los ANGELES, CALIF. 


URGICAL management of 20 patients with chest wall tumors is reviewed. 

Criteria for chest wall prosthesis are proposed and critical areas in which 
replacement problems may be encountered are discussed. Stainless steel ribs 
or struts with fine malleable steel mesh proved to be the prosthesis of choice. 
Present results with this method are encouraging. 

Ideal surgical treatment of chest wall tumor must accomplish two objee- 
tives: adequate excision, and return of the physiology as nearly as possible to 
normal. For 60 years surgeons have successfully removed large segments of 
the chest wall. For an equal period of time, they have been less successful in 
restoring normal chest wall function. The obstacles encountered are, first, 
the wide deforming defect; and second, the seriously altered pulmonary 
physiology. 

A wide variety of prostheses, or none at all, will prove adequate for small 
defeets of the chest wall. Hence the critical test of any reconstructive method 
is its adaptability to large defects. If successful prosthesis is to be achieved 
in such instances, the following criteria must be fulfilled: The unsightly de- 
formity must be eliminated. A chest wall must be provided which is strong 
enough to resist blows that might injure underlying structures. This chest 
wall must be sufficiently rigid to prevent paradoxical motion and impaired 
cough mechanism and to support overlying heavy bone and muscle structures, 
particularly the weight of the scapula; yet it must be flexible enough to allow 
physiologic chest wall movements to institute proper alveolar gaseous ex- 
change. Pain should not exceed usual expectations. Minimal bacterial con- 
tamination at operation is, of course, a requirement. 


EVOLUTION OF CHEST WALL PROSTHESIS 


Radical resection of chest wall tumors was recorded early in the literature. 
Even before 1894, wide block resection of the chest wall with segments of the 
involved lung had been successfully performed. Although some authors*® con- 
sidered that repair of the defects was not essential, most surgeons have at- 
tempted reconstruction since 1894 when Volger’ suggested the use of osteo- 
periosteal flaps.8'” 22. The first materials employed for this purpose consisted 
of adjacent tissue—periosteum, muscle,’ !* thoracic and abdominal soft tissue 
flaps, ineluding the female breast,'*-*° with skin grafting if necessary. Success- 
ful results with fascia lata grafts in large sheets or woven strips have been re- 


Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic Sur- 
gery at Atlantic City, N. J., April 24 to 26, 1955. 
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ported.’*18 Later, repair «of chest wall defects was accomplished by means of 
adjacent ribs either split or divided in such a way that they could be pulled 
down over the defect. Tibial grafts,’® or rib and cartilage in strut or diced 
form were employed also. 

In 1909,?° metallic prosthesis was proposed. Tantalum plates’® *% *1-* 
were the first metallic replacements used in the chest but were largely unsuc- 
cessful!* 22-27 because of complicating hemorrhages and infections. Regardless 
of the substance used and even in the absence of tissue reaction, it appears un- 
likely that a fixed plate could become an integral part of the supporting tis- 
sues of the chest wall. A smooth plate resists intimacy with surrounding tissue. 
When the involved structures are subject to constant changes in stress the 
possibility of union is still more remote.2” ?*»?8 Tantalum mesh has been 
used with success to repair chest wall defects as well as in other parts of the 
body.® 7&8! In a recently reported series of cases,?* however, a change from 
this material to stainless steel wire was made after late fragmentation of the 
tantalum mesh oceurred. Owing to excessive tension, 2 patients sustained 
local skin necrosis which produced separation of the wound down to the mesh. 
The necrotic area healed by granulation without sinus formation. 


AUTHORS’ SERIES 


Statistical data concerning the 20 cases comprising the present series are 
summarized in Table I. Three patients with benign tumors are alive and well 
an average of 3 years and 6 months after operation. Of 10 patients with 


TABLE II. CHEST WALL TUMORS 








ALIVE | DEAD 
AVERAGE YEARS OF AVERAGE YEARS OF 
NO. CASES SURVIVAL NO. CASES SURVIVAL 
Benign 3 3.6 
Malignant 5 3:3 1. 
Metastatic 3 4.4 ale 














primary malignant tumors of the chest wall, 5 are alive an average of 3 years 
and 3 months after operation while 5 died an average of 1 year and 7 months 
postoperatively. Metastatic extensions of breast carcinoma were present in 3 
patients, all of whom are well an average of 4 years and 4 months after sur- 
gery. Four patients with metastatic extensions of lung tumors died an average 
of 13 months postoperatively. There were no deaths 6 months after opera- 
tion in this series. 


TABLE IIT. Type PROSTHESIS 








Tantalum plate 1 case 
Steel mesh 13 eases 
Steel mesh with steel rib 6 cases 





Insofar as possible, excision and prosthesis for chest wall tumor should be 
considered separately; otherwise, a compromise resection of the tumor may 


result. 
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Resection—Adequate resection requires excision of the tumor and in- 
volved rib or ribs together with a safe margin of adjacent tissue. In our 
series this margin included 3-inch segments*® ** of ribs beyond the tumor. In- 
tramedullary extension may occur as far as 3 inches into the involved bone. 
Furthermore, microscopic nodules of the tumor have been found in distant 
periosteum and recurrence in the rib stumps has not been uncommon. The 
nargin should inelude intercostal muscles above and below, a procedure 
executed with minimal danger of transeeting tumor nodules by removing seg- 
ments of adjacent ribs, underlying parietal pleura with lung tissue if involved, 
and immediate overlying skeletal muscle with skin, if involved, en bloc. This 
type of resection is a minimum for malignant tumors.'” ** *° Other structures 
inay be ineluded as indicated. 


Prosthesis—An arbitrary indication for prosthesis is the removal of two 
or more long rib segments. Re-establishment of chest continuity should then 
be attempted in accordance with the previously mentioned criteria. Three 
areas exist in which it is most difficult to accomplish effective stabilization. 
The first critical area is the anterior chest wall where lack of overlying soft 
tissue and wide interspaces present a problem. Second, resections extensive 
enough to undermine the supports of the scapula necessitate a replacement 
that will support the heavy structures of the back.. Third, if the excision ex- 
tends through the lower intercostal margins, a substitute must be envisioned 
to maintain support for the lower border of the chest wall, pull of the dia- 
phragm and the liver or stomach. 

Our experience began in 1948 with an operation for a reticulum-cell car- 
cinoma of the sternum. A longitudinal incision was made over the lower 
border of the chest and a skin flap dissected upward so that the line of in- 
cision would not be over the prosthesis. The surgical excision required re- 
moval of a portion of the manubrium, the entire gladiolus, ziphoid process, and 
segments of the cartilaginous ribs on both sides of the sternum. A large 
tantalum plate was fitted to the defect and sutured in place with tantalum 
sutures. The plate previously had been drilled with many perforating holes 
so that it could become firmly anchored by tissue growth. Entrance into the 
right pleural space was made during the procedure. The pneumothorax was 
effectively controlled postoperatively by an intrapleural catheter. Postopera- 
tive results in this instance were satisfactory. The plate became firmly fixed 
and the wound healed per primam. Excellent protection to the anterior 
mediastinum was achieved. Success was credited to the many perforations in 
the tantalum plate which rapidly became solidly anchored in the tissue. 

This type of replacement, although it may still be considered applicable 
‘or the sternum, presents certain disadvantages. The tantalum plate proved 
difficult to mold to the sternal defect and would be much more difficult to mold 
‘o the curvature of the ribs. Moreover, the material is unnecessarily heavy. 
'ecause of favorable reports in the literature and our own experience with 
‘tainless steel suture material over tantalum, we decided to try stainless steel 
nesh in subsequent cases. On June 6, 1949, the stainless steel mesh was first 
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1—J. F. Tantalum plate replacing sternum. Close scrutiny shows holes bored 
PE staan which aided fixation of the prosthesis. 
Fig. 2—D. B. Preoperative view of sarcoma on right posterolateral chest which has 
eroded right fifth rib and portions of the fourth and sixth ribs. 
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3.—D. B. Same patient postoperatively displaying buckled plate of unsupported mesh. 


Fig. 4. Fig. 5. 


Fig. 4.—D. B. Lateral view showing sunken right chest wall due to scapula weight on 
eel mesh inadequate for supporting shoulder weight. 


Fig. 5.—D. B. Anterior view showing fixed right scapula. Shoulder weight too great 
unsupported mesh. Anteriorly with no weight to buckled..prosghesis shows no deformity. 
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Fig. 6. 


Fig. 6.—M. S. Preoperative film (of soft tissue technique) showing tumor on anterior 
chest. 

Fig. 7.—M. S. Same patient with prosthesis of stainless steel mesh replacing portion of 
right anterior chest wall. 


Fig. 8.—D. W. Example of deformity from depressed chest wall. This patient had an infec- 
tion of space about prosthesis requiring removal of the heavy mesh. 
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employed following a right pneumonectomy for adenocarcinoma. A block 
resection of the posterior chest wall was necessary to remove the lung. Seg- 
ments of the sixth, seventh, and eighth ribs were excised. A single sheet of 
No. 46 mesh was used successfully. This material was later émployed on sev- 
eral occasions and appeared to provide adequate reinforcement of the chest 
wall. 

On March 5, 1951, we first experienced difficulty with stainless steel mesh 
following a large block resection of the anterior chest wall which included the 
second, third, and fourth ribs. The support proved too weak to form a rigid 
replacement for such a large defect. Limited paradoxical motion occurred 
with depression of the replacement toward the lung, causing the edges of the 
overlapping mesh to exert some pressure on the skin. The result was adequate 
but not ideal. Even today the area demonstrates mobility when the patient 
coughs. 

In order to lend added strength to the prosthesis, we adopted a heavy- 
weight stainless steel screen wire, No. 20 in subsequent eases. This regulation 
screen wire proved very satisfactory for several large anterior defects and 
probably would have served as well as the tantalum plate in resections of the 
sternum. In the remaining two critical areas, however, it was unsatisfactory. 
‘ollowing an excision block including the inferior costal margin, the sereen 
wire was molded to the curve of the ribs where it was sutured because of its 
springlike tendency. The sutures broke whereupon the unanchored edge 
sprang out causing so much pressure pain and skin deformity that its removal 
was necessary. The heavy-weight screen wire has no resilience. It further 
proved unsatisfactory for the critical subscapular area where a large sheet 
was used following an extensive chest wall dissection of the entire second, 
third, fourth, fifth, and sixth ribs with the lateral half of the seventh which 
undermined the support of the seapula and heavy back muscles. Despite the 
heaviness of the mesh No. 20 and the outward arch which added to its strength, 
the posterior portion buckled and allowed the scapula to be displaced inward, 
causing a severe posterior deformity. Another disadvantage of the heavy 
mesh support is its size and weight; in this respect it is similar to tantalum 
plates, a slow resisting intimacy of the surrounding tissue. Thus, immediate 
postoperative infection will always require removal of the prosthesis. No 
such problem was encountered in reported cases in which fine mesh was em- 
ployed.?® 

Our next attempt to design a satisfactory prosthesis concerned a recur- 
rent chondroma weighing 22 pounds which occupied the entire lower half of 
the left chest and necessitated removal of the sixth, seventh, eighth, ninth, 
‘enth, and eleventh ribs, left lower lobe, spleen, left diaphragm, and the 
zreater portion of the lumbar muscles. <A special prosthesis was made from 
heavy stainless steel mesh with supporting stainless steel ribs. Unfortunately, 
‘his did not fit the defect perfectly and was extremely awkward to refashion 
it the operating table. Because of extensive skin flaps, heavy weight of pros- 
hesis, and tension of the suture line, necrosis occurred, uncovering the mesh. 
\Videspread infection required removal of the prosthesis. 
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Fig. 9.—C. B. One strut support for mesh prosthesis. 


Fig. 10. Fig. 11. 


Fig. 10.—O. S. Preoperative view of right chest wall tumor which has dissolved lateral 
portion of right third rib. 
Fig. 11.—O. S. Prosthesis of two-rib strut support to fine mesh which was fashioned 
at operating table to tailored size. 
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Fig. 12.—Strut prosthesis in place showing malleable mesh supported by stainless steel rib 
supports. 

















‘ig. 13.—This view shows method of attachment of strut to adjacent normal rib end. It 
also shows lack of deformity. 
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Fig. 14.—L. B. Three-rib strut support to fine malleable mesh with one-rib strut as cross 
strut. 








Fig. 15. Fig. 16. 






Fig. 15.—L. B. Anterior view shows symmetrical-appearing chest wall with large section 
replaced by prosthesis described. 
Fig. 16.—L. B. Posterior view of same patient. 





tion 
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The present method, evolved from our experience with chest wall replace- 
ments, consists of stainless steel rib struts, about one for every two ribs re- 
noved, placed strategically over the defect and anchored to the posterior and 
anterior portions of the ribs. A perpendicular cross strut may be used to 
yrovide additional strength. This scaffold will perform the weighty duties of 
‘he thorax. A fine malleable mesh placed over or under the frame of the strut 
iets as matrix and lattice for tissue growth and performs the less strenuous 
‘ask of resisting intrapleural pressure changes. Such a pattern allows the 
surgeon considerable leeway for construction at the time of operation owing to 
the various lengths of orthopedic bone plates available as struts and the mal- 
ieability of the fine steel mesh which is integrated into the tissue rapidly with 
10 pressure points. We have encountered no complications with this type of 
prosthesis and postoperative results have been satisfactory. As compared with 
previous techniques, we feel our present method more fully meets the criteria 
‘or a suecessful prosthesis. It more nearly duplicates the normal anatomy of 
the chest wall and provides a better physiologic functional chest with ade- 
quate mobility but with sufficient rigidity for support. By clinical application, 
we have established that this type of prosthesis will meet the demand for 
scapula posteriorly, will effectively stabilize the chest anteriorly, and will 
substitute for a lower costal border; that is, it serves satisfactorily in the three 
critical areas previously defined. It may be used effectively to stabilize the 
lower costal edge after resections of the lower chest extending through the in- 
ferior costal border to the abdominal muscle wall. If the attachment of the dia- 
phragm must be dissected, it may be reattached through the screen to the 
underlying muscle or skin tissue adjacent to one of the supporting steel struts. 
Diaphragmatie action thus is not lost. The prosthesis therefore meets the 
critical test of adaptability to large chest wall defects, including those in which 
stabilization is most difficult to accomplish by other methods. 


COMPLICATIONS 
The complication encountered in this series was infection, occurring in 2 
patients both of whom had prostheses made of heavy mesh. In one of these 
patients the skin necrosed at the incision line owing to extensive skin flaps 
and tension of suture line. Heavy prosthesis was considered the cause. Con- 
trary to reported observation in patients in whom fine mesh was employed,”* 
a widespread infection was encountered as soon as the screen beeame visible. 
This may be related to the lesser facility with which the heavy screen wire is 
incorporated in the tissues. The second instance of infection occurred after 
an extensive chest resection including ribs four, five, six, seven, eight, nine, and 
ten, accompanying a lower lobectomy. A temporary bronechopleural fistula 
was the origin of infection. In both cases it was necessary to remove the 
prosthesis in order to control the infection and then to make a fresh start to- 
ward eliminating the defect. 
SUMMARY 


1. The results of excision and prosthesis in 20 eases of chest wall tumor 
“re presented. 
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2. Criteria for the prosthesis are suggested and critical areas which may 
prove difficult to manage satisfactorily are pointed out. 


3. A new type of prosthesis is proposed which appears to fulfill essential 
criteria. The replacement, consisting of stainless steel ribs with fine malleable 
steel mesh, proved satisfactory in critical areas in the patients to whom it was 
applied. 

4. The final test of a prosthesis is its adaptability to large defects. A 
variety of replacements or none at all will be satisfactory for smaller defects. 


The authors wish to express their thanks and appreciation to Mrs, Helen Gindy, Librarian 
of the Huntington Memorial Hospital, Pasadena, Calif. 
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DISCUSSION 
DR. RALPH A. DETERLING, Jr., New York, N. Y.—I have been interested in chest 


wall replacement for several years because of the occasional patient with respiratory ob- 
struction from pressure by an aortic aneurysm. 


We usually ‘‘floated’’ the manubrium by 
resecting the adjacent attachments, but did work on Lucite replacements in the laboratory. 
Chis could be molded to shape with heat, and it was well tolerated in dogs. 


We have also used a taffeta fabric of synthetic material in patients to fill defects of 
the chest wall. It is easily cut to shape and, if sewn under some tension, the patch renders 
support. The ingrowth of fibroblasts soon stiffens the material. Should contour be desired, 
one can use the twelfth rib of the patient or homografts from the bone bank. I think the 
results mentioned by the authors are commendable, and present these other methods only 
to show additional ways in which defects of the chest wall may be handled. 





THYMIC NEOPLASMS 


Donacp B. Erruier, M.D., AND LAWRENCE J. McCormack, M.D. (By INVITATION) 
CLEVELAND, OHIO 


INTRODUCTION 


| the thymus is present in most chordates, the function of this 
ductless gland is not understood and it presents an enigma that perplexes 
both the research investigator and the elinician. Interest in the thymus reached 
its peak in the early 1940’s,' as clinicians sought to correlate myasthenia gravis 
with thymie dysfunction. Enthusiasm began to wane with the disappointing 
results of thymectomy for myasthenia; in fact, the related mortality and the 
poor results promoted an element of suspicion and surgical resistance to all 
diseases of the thymus. It is unfortunate that thymic tumors were contem- 
plated more in the light of possible relation to myasthenia gravis than for their 
true property as mediastinal tumors of a high malignant potential. Thymic 
neoplasms occur more frequently than is commonly believed and are malignant 
in a high percentage of cases. 

A review of the histopathologic features and the suggested classification 
are indeed bewildering. More important is the inability of the pathologist to 
distinguish between the tumor of the myasthenic and the asymptomatic patient, 
and also to differentiate between the cell of a benign thymoma and one that 
is highly malignant.?*** The intriguing subject of thymic neoplasms requires 
new thought and clarification. To uneover the primary physiology of the thy- 
mus will require a great deal of basie research; in the meantime, these reports 
may be of value in pooling clinical information in cases of thymic disease. 
With the latter thought, the authors present a personal series of 19 cases. 


CLINICAL FEATURES 


Experience.—The patients in this series have been studied in the Depart- 
ment of Thoracic Surgery at the Cleveland Clinic. No ease histories were re- 
moved from the archives of this or other institutions to inerease the range of 
the series. This restriction was imposed in an effort to strengthen our ultimate 
conclusions. 

A total of 26 eases of thymie neoplasms were accepted for consideration. 
After careful study, 7 of these were excluded; we believe this to be worthy 
of mention as this group of 7 included tumors that were intrathymic in locale, 
but whose cellular origin was in doubt. Such tumors of doubtful origin may 
have been included in other reported series and be responsible for considerable 


From the Department of Thoracic Surgery (Dr. Effler) and the Department of Pathology 
(Dr. McCormack) of The Cleveland Clinic Foundation, and The Frank E. Bunts Educational 
Institute, Cleveland, Ohio. 

Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic 
Surgery at Atlantic City, N. J., April 24 to 26, 1955. 
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variation in thymie tumor classification. The 7 discarded cases inelude: 3 
ymptomatie hypertrophies that persisted following irradiation, 2 intrathymic 
lermoid ‘eysts, and 2 anterior mediastinal seminomas. 

The 19 cases (Table I) were selected on the basis of clinical and _histo- 
sathologie study—adequate tissue having been obtained in each ease. There is 
ittle doubt that undifferentiated bronchiogenie carcinoma and lymphosarcoma 
nay be misdiagnosed as malignant thymoma; conversely a malignant thymoma 
nay be mistaken for either of the entities just mentioned which closely resemble 
t. It is quite likely that older published series may contain examples of such 
inderstandable error; there is no reason to believe that this series or those of 
he future will be immune to similar error. 

Myasthenia Gravis.—The association between thymic neoplasms and myas- 
ihenia gravis has been observed, but is not understood.’ * Of the 19 patients 
in our series, 6 had or developed myasthenia gravis, and all 6 of these patients 
had tumors classified as malignant. This latter finding is significant as other 
writers have concluded that myasthenia gravis is seen rarely with a malignant 
neoplasm.°* It is difficult to reconcile this divergeney; perhaps the difference 
vests in the criteria of establishing malignancy in a thymie tumor. 

From the standpoint of the myasthenia gravis, it appears that none of the 
6 patients benefited by treatment of the neoplasm. One patient (Case 1, G. L. H.) 
did not develop symptoms of myasthenia gravis until 3 years after a highly 
malignant thymoma had been diagnosed and had been treated by radiation 
therapy; the patient died in an acute myasthenic crisis 3 days after a second 
operation had been performed for resection of the irradiated neoplasm. An- 
other patient (Case 4, F. L.) had temporary relief from myasthenia gravis 
following removal of an apparently benign tumor. Three years later the pa- 
tient died; the cause of death was attributed to tumor reeurrence and severe 
myasthenia gravis. Only 1 patient with myasthenia gravis (Case 11, M. C.) 
in this series is alive. All of the others died, 4 with obvious metastases and 
with myasthenia gravis, and 1 other who suffered a fatal complication (aspira- 
tion pneumonitis) after a diagnostic curare test. Even though this group of 
patients is small, the factor of established malignaney in each of the 6 eases is 
important and contradicts the observations of Binkley,’ Poer,’ and others. 
Nqually important is the observation that 4 of those patients suecumbed to the 
caneer factor rather than to myasthenia gravis. 


PATHOLOGY 


Tumors of thymie origin demonstrate properties that make them unique 
among all mediastinal tumors. These tumors may be solid or cystic, well en- 
capsulated, or extremely invasive, soft, or calcific. Thymic tumors may be 

ildly malignant, but limited in their scope of metastases. In the series of 
‘inkley and associates,’ 16 of 21 tumors were malignant, but none showed dis- 
nt metastases. It is the caprice of the thymoma that has prompted us to 
consider all as malignant in fact or potential; it is this property that deserves 
‘e greatest emphasis and not the uncertain relationship with myasthenia gravis. 
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TABLE I. 








CLINIC NUMBER | CLINICAL HISTORY MYASTHENIA GRAVIS 
1. 532-365 Initial exam., 1947, normal; Appeared late, 24% years 
(G. L. H.) routine physical Feb., 1951— after biopsy of tumor 
large mediastinal tumor; 
Aug., 1951, pain in right 
chest, x-ray showed  intra- 
pleural metastases right chest 





‘ Calcified mediastinal tumor per 
routine x-ray June, 1949, no 
symptoms; in Nov., 1952, de- 
veloped signs of severe con- 
gestive failure; x-ray showed 
tremendous cardiac silhouette 


Mild exertional dyspnea for 18 
months 


Tumor detected in TB survey t Severe—minimal in 
July, 1948; mild dysarthria morning but ineapaci- 
and muscle weakness present tating in afternoon 

at that time 


5. 612-879 Known myasthenia for 14 Chronic progressive re- 
(C. J.) years; weight loss, 100 sistance to drugs 
pounds in last 3 years 


. 661-414 Muscle weakness of 2 months’ Acute onset at age 
(5. As Ne duration; no previous history years 


. 678-562 No symptoms; routine x-ray 
(N. G.) 


. 684-838 Rejected by Army (age 17) 
(it. F:) after induction film revealed 
mediastinal tumor 


- 506-699 Seven months’ history of pro- Severe 
gressive muscle weakness 


. 689-313 Routine x-ray revealed medias- 
(O. BR.) tinal tumor; not present on 
film 1 year before 





P.O. = postoperative 
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~p) SHOLOGIC FEATURES 


METHOD OF DIAGNOSIS | 


TREATMENT 


OUTCOME 





Ple ral implants right 
|: mpho-epithelioma 
t pe; late metastases 
i) both pleural spaces 


neapsulated anterior 

mediastinal tumor with 
cleifie shell, apparent- 
|, benign 

2, \lassive pericardial ef- 
fusion with implants in 
pericardial sac; micro- 
scopie—thymie car- 
cinoma 


Encapsulated, lobular 
no evidence 
metastases 


of 


mass 5 


Encapsulated lobular 
mass; no invasion or 
metastases at surgery 


Gross extension by inva- 
sion and implantation 
of mediastinal tumor 


Gross extension by inva- 
sion and implantation 
in mediastinum and 
right lung 


Encapsulated, eystie de- 
generation 


Lobulated mass with 
capsule invasion and 
invasion of pericardial 
fat and pleura; no im- 
plants seen 


Encapsulated mass with 
central neerosis not ob- 
viously malignant 


apsulated tumor mass 
vith gross invasion of 
apsule and pericardial 
at 


1. Right thoracotomy, 
Aug. 31, 1951 

2. Transsternal thora- 
cotomy, April 1, 1954 


1. Excision tumor, July 
20, 1949 

2. Anterior thoracotomy 
plus pericardotomy, 
left, Nov. 28, 1952 


Excision 


1. Prostigmin test— 
dramatic response 
2, Excision 


Thoracotomy biopsy 


Midline sternotomy 


biopsy 


Excision 


Excision, Feb., 3, 1953 


Autopsy, Dee., 1952 


)xcision, March, 1953 


X-ray therapy Sept., 
1951, with nitrogen 
mustard, 24 mg. 
Surgical excision 
April, 1954 


Right thoracotomy 
with excision medias- 
tinal tumor 

2. Left anterior thora- 
cotomy and pericardot- 
omy; biopsy excision 
of intrapericardial 
implants 


Left thoracotomy and ex- 
cision Dee., 1948; no 
P.O. therapy 


Excision May, 1949, by 
sternal splitting ap- 
proach, no P.O, radia- 
tion therapy 


Limited anterior thora- 
cotomy for biopsy only 
Aug. 25, 1950 


Sternotomy, April 8, 
1952, inoperable, bi- 
opsy only; P.O. x-ray 
(2,500 r) 


Left anterior thora- 
cotomy and excision; 
no P.O. x-ray Oct. 23, 
1952 


Anterior thoracotomy 
Feb. 3, 1953, with ex- 
cision of tumor and in- 
volved fat and pleura ; 
P.O, x-ray (3,000 r) 


Anterior thoracotomy 
March, 1953, excision 
of tumor; P.O. x-ray 
therapy begun (1,400 
T) 


Good response to x-ray— 
HN, therapy Sept., 
1951; myasthenia ap- 
peared with late metas- 
tases Feb., 1954; died 
in myasthenic crisis 3 
days P.O. 


1. Uneventful conva- 
lescence and return to 
work 

Prompt relief after 
pericardotomy; x-ray 
therapy (3,000 r) com- 
pleted Dee., 1952; Pa- 
tient is apparently well 
2% years after x-ray 


9 
~ 


Well 6% years after ex- 
cision 


Prompt initial improve- 
ment, myasthenia re- 
turned in 6 months; 
late metastases (by 
X-ray) appeared May, 
1952; died in myas- 
thenic crisis, July, 1952 


Hospital therapy with 
nitrogen mustard; died 
about 1 year later 


Good initial response 
with reduction in 
Prostigmin require- 
ments; died suddenly 
March, 1953 


well 214 


Apparently 
years P.O 


Apparently well 2% 
years P.O. 


Died on medical service 
following curare test— 
apparently overwhelm- 
ing aspiration of gas- 
trie contents 


Transferred elsewhere 
against advice—died 
May, 1953, with acute 
radiation pneumonitis 
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TABLE I 








CLINIC NUMBER | CLINICAL HISTORY | | MYASTHENIA GRAVIS 
11. 689-132 Developed progressive muscle é Moderately severe, not 
(M. C.) weakness, Oct., 1952. progressive 





2. 626-941 Tumor found Sept., 1949, 
(Pm, ) treated for Hodgkin’s disease 
(x-ray dose not known) 


3. 696-317 Tumor discovered on survey 
CW. L.) film 


PMA ORE Ai POY DEN LES LTR ENO 72 


. 702-058 Unexplained fever, cough, None 
(i. Hi.) weight loss—began 8 months 
before admission Cleveland 
Clinie Hospital 


5. 651-982 Unexpected x-ray finding dur- None 
(M. K.) ing post-partum period, no 
associated symptoms 


Unexpected x-ray finding. Pa- 2 None 
tient admitted for cardiac 
study—mild exertional dysp- 
nea and palpitation 


Progressive swelling of head, 
neck and shoulders 3 months 
before admission (March 22, 
1954) venous pressure 450 
mm. H,O 


Progressive swelling of anterior 
chest wall over sternum with 
pleural effusion 


Progressive swelling of head 
and neck; venous pressure 
on admission (March 29, 
1955) 325 mm. H,O. Normal 
x-ray April, 1954 
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EFFLER AND MC CORMACK: 


CONT ’D 


THYMIC NEOPLASMS 








THOLOGIC FEATURES — | 


METHOD OF DIAGNOSIS | 


TREATMENT 


OUTCOME 





apsulated tumor gross 
ivasion of capsule 
ud pericardial fat 


.asive tumor extend- 
ng into right lung, 
ericardium, chest 

vall 


Lobulated tumor with 
eross capsular invasion 


Lobulated mass with in- 
vasion right hilum, 
pericardium, and chest 
wall 


Lobulated mass with in- 
vasion of sternum, 
pleura, and pericar- 
dium 


Lobulated mass with in- 
vasion of pericardium 
and mid-mediastinum 


Extensive malignant 
tumor of anterior 
mediastinum with 
superior caval ob- 
struction 


Extensive neoplasm of 
anterior mediastinum 
with invasion of soft 
tissues, chest wall, and 
right pleural space 

Anterior mediastinal 


tumor with caval com- 
pression 


Excision, 
April, 1953 


Thoracotomy, 
Feb., 1951 


Excision, 
June 12, 1953 


Thoracotomy, 
Aug. 26, 1953 


Thoracotomy, 
Nov. 19, 1951 


1. Thoracotomy, 
Mar. 1, 1954 

2. Submaxillary gland 
biopsy June 29, 1954 


Trans-sternal biopsy 
Mar. 24, 1954 


Needle biopsy chest 
wall Jan. 17, 1954 


Transsternal biopsy 
March 29, 1955 


Anterior thoracotomy 
April 6, 1953, excision 
of tumor; P.O. x-ray 
(4,500 r) 


Anterior thoracotomy 
Feb. 1, 1951; HN, 
therapy, followed 2 
months later by x-ray 
therapy (2,200 r) 


Anterior thoracotomy 
June 12, 1953; P.O. 
x-ray therapy (3,000 r) 


Right thoracotomy Aug. 
26, 1953; P.O. x-ray 
therapy (2,850 r) ; 
cobalt teletherapy 
given Jan. 10, 1955 


Right thoracotomy Nov. 
19, 1951; P.O. x-ray 
therapy (2,500 r) 


Right thoracotomy March 
1, 1954; P.O. x-ray 
(3,000 r) 


No thoracotomy; treated 
with x-ray therapy 
(3,050 r) completed 
April, 1954 


No thoracotomy; treated 
with cobalt teletherapy 


No thoracotomy; treated 
with cobalt teletherapy 


No change in myasthenia 
or Prostigmin require- 
ments—required sur- 
gical drainage of peri- 
cardium May, 1954 
(radiation effect) 

Progressive deteriora- 
tion; contact lost and 
presumed dead 


Apparently well 2 years 
P.O. 


Definite physical deterio- 
ration with evidence 
of local recurrence 11% 
years after x-ray ther- 
apy—prompt regres- 
sion with cobalt ther- 
apy 


Apparently well 3% 
years P.O.; no further 
therapy given 


Initial response to x-ray 
was good; gland bi- 
opsy in submaxillary 
area (June 29, 1954) 
demonstrated cervical 
metastasis; rapid de- 
terioration; died Aug. 
23, 1954 


Progressive improvement 
although venous pres- 
sure remains 350 mm. 
H.0O; x-ray shows re- 
gression of tumor after 
18 months 


Excellent initial response 
with regression of 
tumor and relief of 
effusion 2 months after 
therapy 


Under therapy 
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In the 19 eases of thymic tumor which are presented, 16 proved to be malig- 
nant. The diagnosis of thymic neoplasm was established in every case by ex- 
cision of the tumor or adequate tissue biepsy. The factor of malignancy was 
determined on the basis of the gross characteristics and the histopathologic 
features of the neoplasm. The criteria of malignancy in this series may be 
stated simply: (1) direct extension through the capsule into adjacent tissue, 
(2 intrathoracic implantation, (3) recurrence, and (4) distant metastases. 


TABLE II. MALIGNANT FEATURES IN 16 THyMIc TUMORS 








CRITERIA | NO. OF CASES 
1. Direct extension 10 
2. Pleural implantation 4 
3. Recurrence ah 
4. Distant metastases 1 
TOTAL 16 











By way of explanation, the listing in Table II is based on the single out- 
standing feature in each ease (actually the majority presented more than one). 
The patient with implantation of a pleural space and secondary effusion has 
by necessity direct extension of the neoplasm through the capsule and adja- 
cent pleura. Our tabulation does not describe the curious factor of localization 
presented by malignant thymic tumors. Only one patient demonstrated a distant 
metastasis (Case 16, K. Y.); a submaxillary lymphatic metastasis appeared sev- 
eral months prior to death. It is also of interest that 2 patients (Case 2, G. H.), 
and Case 4, F. L.) were operated upon for small encapsulated tumors that were 
considered benign in every respect. After apparently successful surgery, both 
patients demonstrated extensive implantation 3 years after operation (neither 
had received radiation therapy after surgery) (Fig. 1). 

In this series, the resected neoplasms were for the most part not large, 
12 em. being the greatest diameter encountered. Grossly, the tumors often ap- 
peared to be encapsulated by the contiguous mediastinal tissues and anterior 
pleura removed with them. The cut surfaces were not in any way distinctive 
for any cell type and a wide variety of configurations were seen. Two of the 
neoplasms were cystic; one (Case 2, G.H.) so completely so that only small 
cell nests could be seen beneath a partially calcified capsule, and at that time, 
a definite histopathologic classification was not possible. This patient returned 
3 years later with local and intrapericardial metastases. The solid tumors had 
varied homogeneous, granular, or bosselated surfaces. They were relatively 
firm and ranged in color from white through various shades of yellow and tan 
to a salmon pink. 

In addition to those features previously mentioned, the neoplasms possessed 
certain histologic features in common. Many of the tumors demonstrated a 
marked tendency to incorporate within their confines the surrounding fatty 
tissue and to show evidence of subendothelial bulging of the wall in small veins 
of the immediately adjacent tissue (Fig. 2). The significance of this latter 
is not completely understood unless it bears the same connotation as is found 
in such neoplasms as the encapsulated angio-invasive carcinoma of the thyroid. 
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Fig. 1—(Case 2; G.H.) The roentgenograms at top demonstrate the thymic neoplasm 
of the anterior mediastinum as it appeared in July, 1949. 

; Lower left is the reproduction of film made in November, 1952. The tremendous cardiac 
silhouette is produced by a massive effusion secondary to interpericardial implants. Evacuation 
of the effusion and biopsy of the interpericardial implants were performed by surgical peri- 
cardotomy. 

Lower right is reproduction of film taken March, 1955, two and one-half years after 
radiotherapy. The patient remains clinically well. 
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It obviously must represent some mechanism of farther growth and spread of 
the neoplasm; however, gross intravascular extension is not a feature of these 
tumors. Apart from the cystic neoplasms encountered and the Hodgkins sub- 
group to be discussed, necrosis was not a feature of these tumors. The stromal 
arrangements were quite similar in most respects; broad bands of collagen 
tended to subdivide the neoplasms into smaller lobules. For the most part, 
this connective tissue was rather dense; but in 2 eases, focal areas showed what 
we have designated as stromal hyperplasia. Small spindle cells were greatly 
increased in number in the interstices of the 2 neoplasms and at times appeared 
to invade the adjacent tumor tissue proper and to form small whorls. Lowen- 
haupt? has considered these cells to be a form of epithelial proliferation, but 
we are more inclined to look upon them as abnormalities of the stroma. With 


Fig. 2.—Microscopic evidence of aggressive nature of the tumors. 

A, (Case 10; O.R.) Photomicrograph showing invasion of fatty tissue by Hodgkin’s 
variety. (Hematoxylin and eosin X285; reduced 1%.) 

B, (Case 13; W.L.) Photomicrograph demonstrating subendothelial bulging by lympho- 
cytes in marginal condensation of fibrous tissue (capsule) of neoplasm. (Hematoxylin and 
eosin X80; reduced \%.) 


phosphotungstie acid—hematoxylin stains, the individual cells possessed fine 
fibrils, compatible with those of fibroblasts, and in the maturing areas, deposi- 
tion of collagen was a constant feature as demonstrated by the Masson’s poly- 
chrome stain. This stromal hyperplasia ean be very confusing. We recently 
encountered a ease in which stromal hyperplasia was so marked that fibro- 
sarcomatous change was suggested. The lesions in general showed a great deal 
of mitotic activity scattered throughout the parenchyma. 
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TABLE III. NEOPLASMS OF THYMIC ORIGIN 











| NO. OF CASES TOTAL 





1. Lymphomatous type 
a. Lymphocytic variant 6 
b. Hodgkin’s variant 


2. Carcinomatous type 
a. Lympho-epithelioma 
b. Epithelial variant 
10 





A classification of the histopathologic features encountered in the study 
of thymic neoplasms has intrigued pathologists for many years. The study 
of Margolis* offers an example of the difficulties encountered earlier in classi- 
fication. Lowenhaupt? has been the most recent of the writers to present an 
involved table of nomenclature. Seybold and co-workers,*® Ackerman,’ and we 
find her classification interesting, but of relatively little value so far as the 
neoplasms are concerned. We do believe, however, that one may be more 
definite in classification and not be limited to the observation that neoplasms 
are either predominantly lymphocytie or predominantly epithelial. We agree 
with the general statements that neoplasms are very difficult to categorize, as 
they show a reluctance to present themselves as pure forms which ean be easily 
compartmented. The problem of being able to distinguish between the be- 
nign and malignant thymoma on a histopathologie basis is very real; all have 
the ability to be aggressive regardless of the classification groups. Consequently, 
we have considered them all as of malignant potential and believe that malignant 
thymoma should be the term utilized for general classification. 

We have divided the malignant thymomas inte 2 subgroups: (1) the 
lymphomatous type, and (2) the carcinomatous type. In so doing, we have 
been content to accept the theories that the thymus is an endodermal deriva- 
tive basically possessing a supporting framework of epithelial cells which may 
become rather reticular in appearance. The lymphocytic component represents 
secondary infiltration of the organ and the small round cells are truly lympho- 
cytes. 

1. Lymphomatous Type.—Nine of the cases have been classified in the 
lymphomatous subdivision, that was further subdivided into the lymphocytic 
and the Hodgkin’s type. In 6 of the eases, the cellular component encountered 
was almost completely lymphocytic (Fig. 3. We do not say that these neoplasms 
were completely lymphocytic, as one may encounter in the background an 
oceasional reticular cell; small proliferative cell nests, resembling epithelial cells, 
to be described later, occur along the blood vessels. We have not been disturbed 
by their presence as they represent a rare component but are comforted by 
them as they constantly indicate that the thymus was the source of the neoplasm. 

The second subdivision of the lymphomatous group encompasses 3 eases 
catalogued as malignant thymoma, Hodgkin’s type (Fig. 4). In our earlier 
experience, we can recall certain neoplasms, fatal in their outcome, that were 
apparently limited to the anterior mediastinal structures which we considered 
as a localized form of Hodgkin’s disease. It is likely that these cases were 
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Fig. 3.—(Case 7; N.G.) Lymphocytic variant. A, Gross tumor is predominantly cystic 
with necrotic wall. The viable homogeneous portion is at inferior pole. B, Photomicrograph 
showing tumor composed predominantly of small lymphocytes. Rare abortive Hassall’s cor- 
puscles included to show their presence. (Hematoxylin and eosin X210; reduced %.) 
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Fig. 4.—(Case 10; O.R.) Hodgkin’s variety. A, Gross specimen demonstrating lobulated 
cut surface. B, Photomicrograph demonstrating pleomorphic cytology including multinucleate 
Sternberg-Reed cells. Note bizarre Hassall’s corpuscle in lower portion of fleld. (Hematoxylin 
and eosin X160; reduced \%.) 
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examples of the disorder limited to the thymus. All of the present 3 cases show 
histologic features in common. Characteristically, the tumors are made up 
of conglomerate foci that appear to be passing through certain histologic 
changes. The earliest features seemed to be the formation of cellular aggregates 
surrounded by small lymphocytes. These cellular aggregates superficially re- 
sembled germinal centers, but are characterized by a markedly polymorphous 
cytology. Cells with sparse cytoplasm and irregularly oval or lobulated nuclei, 
and at times prominent nucleoli, are common. In addition, multinucleated giant 
cells with more abundant gray cytoplasm and vesicular nuclei, indistinguishable 
from Sternberg-Reed cells, were found. They show an absence of any staining 
properties of their cytoplasm by the periodic acid-Schiff method. Later, central 
necrosis apparently oceurs within the cellular aggregates, and macrophages with 
more abundant pink-staining cytoplasm and round or oval vesicular nuclei 
appear. Still later, deposition of collagen is present in the necrotic areas. The 
necrotie stage superficially resembles granulomatous change and hence the term 
‘‘eranulomatous thymoma,’’ a rather poor designation for the neoplastic dis- 
order. These neoplasms, however, still possess the propensity to form bizarre 
Hassall’s corpuscles. The source of this particular subgroup is again a philo- 
sophie question at the present time. Whether they are a peculiar transforma- 
tion of the supporting cells of the thymus or truly lymphomatous neoplasm is 
a point of debate. We have favored the latter by designating it as a Hodgkin’s 
variety. 

2. Carcinomatous Type.—The second major subdivision of malignant thy- 
momas, the carcinomatous variety, is characterized by prominence of the thymic 
epithelial cell. There appear to be 2 subvariants of the carcinomatous type: 
(1) lympho-epithelioma, and (2) the epithelial variant. The lympho-epithe- 
lial group contains 6 eases, all of which were characterized by a definite admix- 
ture of true cytologic forms (Fig. 5). The small, round, densely staining 
lymphocyte was ever present in varying amounts and intermingled with cells 
possessing round, oval, or slightly lobulated vesicular nuclei, and only a sparse 
amount of cytoplasm. This epithelial cell, although present in large numbers, 
may at times be rather small and not quickly recognized, but at other times is 
rather large in proportion to the lymphoeyte. They are dispersed in small 
nests, larger sheets, and at times are quite prominent along small vessels. The 
epithelial carcinomatous variety is merely one step further along the scale. Four 
eases have been catalogued as belonging to this group. The neoplasms are 
characterized by the presence of large syncytial masses of cells forming the 
entire neoplasm (Fig. 6). A moderate amount of pink-staining cytoplasm is 
present, but cell boundaries are very indistinct. The nuclei are round or oval, 
and pale staining for the most part. The continuous masses are usually sharply 
demarcated from the small vessels and there is a tendency for the nuclei to 
palisade around the vessels. We have been unable to substantiate any evidence 
of eyst formation within this group of neoplasms. Lymphocytes still are present, 
but are very sparse in number and merely scattered discriminately throughout 
the tumor. Occasionally these tumors do show evidence of having Hassall’s 
corpuscle formation. 





A. 


Fig. 5.—(Case 1; G.L.H.) Lympho-epithelial variant. A, Gross specimen is partially 
necrotic and cystic; radiation therapy applied two and one-half years prior to removal. 8B, 
Photomicrograph of mixture of small, dark-staining lymphocytes and larger indistinct cells 
with pale round or oval large nuclei. (Hematoxylin and eosin xX 285.) 
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Fig. 6.—(Case 11; M.C.) Epithelial variant. A, Small apparently encapsulated neoplasm 
with faintly lobulated surface. B, Syncytial is sharply marginated from vascular stroma. A 
——— ="  <_s palisading is present; note absence of cellular outlines. (Hematoxylin 
and eosin X ‘ 
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We recognize that this classification may be an arbitrary one and that all 
of these neoplasms may represent segregated stages of the same process. How- 
ever, it does lend order to our clinical and histopathologic findings. As a 
classification, it offers little of prognostic significance. It is our hope that it 
may contribute to the most important phase of the problem, recognition that a 
tumor is of thymie origin and with malignant potentiality. 


TREATMENT 

The presence of myasthenia gravis is not the primary indication for ther- 
apy; it does impose an added hazard and, in some instances, an insurmountable 
barrier to tumor eradication. Treatment of a thymic neoplasm as a phase in the 
therapy or the prevention of myasthenia gravis is of secondary import. The 
essence of therapy in thymie neoplasm, as in all mediastinal tumors, should 
be directed toward cancer control. 

There are 3 basic approaches in the management of thymic neoplasms: (1) 
biopsy, (2) surgical excision,.and (3) radiation therapy. In each ease 1 or all 
3 approaches to therapy are indicated. ; 

Bropsy.—Diagnosis of a primary thymie neoplasm is dependent on histo- 
pathologic examination. The ideal method of obtaining tissue is by extracap- 
sular ‘‘enucleation’’ of the entire mass. When there is radiographic evidence 
of implantation, or there is evidence of malignant extension by superior caval 
obstruction or penetrating chest wall invasion, a less inclusive form of biopsy 
is indicated. Such biopsy requires a direct approach by one of three methods: 
(1) thoracotomy or suprasternal incision, (2) needle biopsy, or (3) transsternal 
biopsy. We have used a limited anterior thoracotomy approach under local 
anesthesia in 3 patients where the evidence suggested neoplasm immediately 
below the chest wall and lateral to the sternal border. Needle biopsy has been 
employed once (Case 18, L. L.), the tumor had penetrated the anterior chest 
wall and could be felt in the soft tissues overlying the sternum. In 2 eases of 
superior caval obstruction (Case 17, E.B., and Case 19, C.B.), we have em- 
ployed transsternal biopsy. This is a relatively simple and highly effective 
method of obtaining tissue without resorting to thoracotomy (Fig. 8). It ap- 
pears unlikely that less direct methods such as sealene node biopsy will be effee- 
tive in thymic tumors as lymph node extension is not common. 

Surgical Excision —Ideal therapy of a neoplasm requires total removal 
accomplished without violation of tumor boundary and leaving no residual cell 
remnants. Nine of the 19 patients in this series had surgical extirpation of 
their tumors; 1 died in an acute postoperative myasthenic crisis, 6 are living 
and apparently free of neoplasm; 2 had late recurrences of neoplasm after 
removal of apparently benign tumors. From the technical standpoint, excision 
of a thymic neoplasm is usually not difficult even when there is extracapsular 
invasion of the fat and pericardium. In 2 of the early cases, we employed 
midline sternotomy which is unnecessary and only adds to the morbidity and 
the complexity of the operation. For most thymic tumors, adequate exposure 
is obtained through either a right or left anterior thoracotomy approach. If 
it should be necessary, the incision can be extended by transection of the 
sternum. 
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Radiation Therapy.—There is reason to believe that some neoplasms of the 
thymus have a tendency to regress under radiation therapy and that local 
implants frequently share this property. There is no way of anticipating tumor 
response until a full course of therapy has been given; therefore, we urge that 
all patients who present a nonresectable neoplasm be given a full course of 
radiotherapy, rather than a test dose. Of the 19 patients in our series, 10 had 





Fig. 8.—Diagrammatic description of technique employed in transsternal biopsy of 
thymic neoplasms. This method is usually employed only in large anterior mediastinal tumors 
which are clinically malignant and inoperable. In properly selected cases the technique is 
safe, as the neoplasm lies between the sternum and the great vessels of the mediastinum. 
The procedure is performed under local anesthesia. 


nonresectable neoplasms. All of these received radiation therapy with ecom- 
pletely unpredictable results. One patient (Case 15, M.K.) is in excellent 
health three and one-half years after receiving 2,500 r of therapy for a 
highly malignant nonresectable lesion. There is little question that the majority 
have received benefit and prolongation of life (see Table II). 
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After reviewing our limited experience, since 1949, with the 19 cases pre- 
sented, we believe that ideal therapy consists of surgical extirpation of the 
primary neoplasm followed by a full course of radiation therapy to the anterior 
mediastinum. It is obvious that we cannot distinguish the benign from the 
malignant tumor by histopathologic study. It is apparent likewise, that gross 
diagnosis of a benign thymic tumor is unreliable. Two of the ‘‘benign’’ thy- 
momas presented metastases, two and one-half and three years after excision. 
We have adopted the philosophy that all thymic tumors are malignant or of 
malignant potentiality and consider the ideal treatment to combine excision with 
a full course of radiation therapy to the anterior mediastinum. The radio- 
therapy should begin during the immediate postoperative phase. It might well 


* 


Fig. 9.—(Case 15; M.K.) A, Roentgenogram demonstrates malignant thymoma that 
was accidentally discovered during immediate postpartum. Tissue diagnosis established by 
limited anterior thoracotomy. B, Radiographic appearance of chest approximately four and 
one-half years after radiation therapy. The patient remains clinically well. 


be argued that successful extirpation of the tumor would permit the surgeon 
to allow a period of clinical observation before employing radiation therapy. 
It is our contention, however, that the period of time which may elapse before 
late metastases appear may well go beyond the period of clinical observation 
and contact between surgeon and patient may be broken. This, in addition to 
bitter expericnee with 2 late recurrences in patients presumed to be cured, 
makes us believe that radiation therapy in the immediate postoperative phase 
is an integral part of therapy for all thymic neoplasms. 


SUMMARY AND CONCLUSIONS 


Twenty-six case histories were reviewed: 19 are believed to be thymie in 
origin and 7 to be intrathymic in locale, but not of truly thymic origin. The 
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factor of malignancy predominates in this personal series, although it was not 
immediately apparent in every case. It is our conviction that thymic tumors 
are malignant or potentially malignant, and that the cancer factor is of greater 
importance than any possible relationship with myasthenia gravis. 


Response to therapy is unpredictable regardless of whether the tumor is 
apparently benign or obviously malignant. A tissue specimen is mandatory for 
diagnosis and may be obtained by several biopsy methods including the simple 
expedient of transsternal biopsy. We believe that every patient who has a 
nonresectable thymoma should be given a full course of radiation therapy. All 
patients who have undergone thymectomy should receive radiation therapy to 
the mediastinum to reduce the hazard of late recurrence. 

We believe that thymie neoplasms may be classified as of 2 types: the 
lymphomatous, and the carcinomatous. Employment of this classification and 
its variants has no value in prognosis but may improve diagnosis of primary 
thymie neoplasm. 
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DISCUSSION 


DR. JOHN W. STRIEDER, Brookline, Mass.—I should like to compliment the essayists 
on the handling of a difficult and obscure subject, and particularly on their classification. 
I wish to call attention to two aspects, one of which is well known and the other, perhaps, 
not so well known. Dr. Effler mentioned that patients with thymic malignancies may later 
develop myasthenia gravis. We have had one such patient from whom a thymoma was 
removed and who two years later developed myasthenia gravis. A year later, after con- 
siderable therapy, she had a total thymectomy with complete remission for two years up 
to this time. 

The occurrence of a so-called benign thymoma and of a refractory anemia which 
failed to respond to all therapeutic measures has been observed in 2 patients at the Massa- 
chusetts Memorial Hospitals. The simultaneous occurrence of two unusual pathologie states 
in 2 patients in a relatively brief period suggests a probable relationship between the thymie 
tumor and erythropoietic abnormality, a probability which was strengthened by finding sev- 
eral cases in the literature. This unusual coincidence of abnormalities in the thymus and in 
the blood provides one more link in the legendary and frequently nebulous chain of evidence 
connecting the thymus gland with the hematopoietic system. Both these patients were women 
aged 40 and 45, respectively, and both ultimately had excision of the thymoma without ap- 
parent effect on the course of the anemia. Both have continued to run a course which has 
been characterized by failure to form blood. At least 150 to 200 transfusions, mostly of 
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packed red cells, have been given in each case. The patients are both developing evidence 
of hemochromatosis on the basis of transfusions. It would appear, from considerable in- 
vestigation, that the simultaneous chance occurrence of these two entities, that is, thymoma 
and anemia, would be extremely rare. The thymus gland was not removed at the time the 
thymic tumors were resected, and the possibility must be considered that the persistence of 
thymic tissue may have a continuing adverse influence on erythropoiesis. It is interesting 
to speculate as to the possible beneficial effect that removal of the thymus gland itself might 
exert on our patients and in certain other cases of refractory anemia. I hope I can report 
on that later. In view of the marked clinical improvement which has been known to follow 
resection of thymomas in 3 similar cases, the advisability of surgical exploration and pos- 
sible resection, of the thymus should be considered in patients with refractory anemia, par- 
ticularly in those with hypoplasia or aplasia of the erythropoietic element of the bone marrow. 


DR. JOHN G. CHESNEY, Miami, Fla.—I wish to show slides of a case which I think 
is quite unique. This is a 21-year-old girl with no complaints, whose lesion was found on 
routine chest survey. This rounded lesion was found on the right side. She was operated 
upon and the lesion was found to be deep in the major fissure under the pleural reflection 
in the fissure. It lay in the anterior segment of the upper lobe and was directly related 
to the posterior portion of the middle lobe, and also related directly to the anterior portion 
of the superior segment of the lower lobe. The lesion was dissected from its bed without 
difficulty. It was necessary to strip off the adventitia of the lower lobe artery and what our 
pathologist has described as normal-appearing thymic tissue was found. 

(slide) Here is a high-power section of the same tumor, which I think is unique. At 
least, I know of no reported ectopic thymic tissue in the lung. 


DR. JAMES E. DAILEY, Houston, Tex.—-I would like to report an experience with 
a total of 12 thymoma cases, 9 of which were benign and 3 malignant. Only 2 of this 
group had myasthenia gravis. 

(slide) This was a 57-year-old Negro who falls into the classification Dr, Effler described, 
a carcinomatous type. Incidentally, this patient was operated upon in 1949 and is still alive. 

(slide) The next one, a 45-year-old white man also had a carcinoma of the thymus. 
He died shortly after operation with a sudden massive pulmonary embolus. 

(slide) This 41-year-old white woman had what the pathologist described as being in 
the borderline group between the noncancerous and the malignant thymoma of the type of 
Symmer. She died within a year from metastatic lymphosarcoma. 

(slide) This next is a most interesting case. In this you will note the thin density 
of the tumor; it was a lipoma. The dark areas can be identified microscopically as typical 
thymus tissue. The diagnosis was benign lipoma of the thymus gland. 

I am not sure that I would go along with Dr. Effler on x-ray therapy for all thymomas. 


DR. HARVEY J. MENDELSOHN, Cleveland, Ohio.—I wish to compliment Dr. Effler 
on his excellent presentation and classification of this confusing subject of thymic tumors. 
There is one complication which he had occasion to encounter only once in our series of 13 
eases of thymic tumors, 8 of which were malignant. This occurred in a child, aged 5 years, 
with a lymphosarcoma of the thymus. There was a history of six days of upper respiratory 
obstruction; he had been in good health otherwise until then. The problem, of course, was 
to treat the respiratory obstruction and to treat the tumor. Surgical incision was con- 
traindicated and it was chosen to give him x-ray therapy. He died suddenly in thirty-six 
hours of respiratory obstruction after one x-ray treatment of 100 r, and before tracheotomy 
could be established. 

Autopsy showed a lymphosarcoma surrounding the trachea and great vessels and 
filling the region normally occupied by the thymus. 

Within a few weeks another child was admitted to the hospital with anatomically the 
same situation; however, he had leukemia. He had the same type of respiratory obstruction, 
and in this case we heeded the warning of Dr. Neuhauser of Boston and treated this child 
with cortisone. The tumor receded within forty-eight hours and the respiratory obstruction 
was relieved. I wish to mention the lympholytic effect of cortisone as an adjunct in treat- 
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ment of patients who have this problem. It does not always produce regression of thymic 
tumors or lymphomas but should be tried when respiratory obstruction is present. It should 
be followed quickly by x-ray or nitrogen mustard therapy since the cortisone effect is 
temporary. 


DR. JOHN F. HIGGINSON, Portland, Ore-——We have 2 cases of thymic neoplasms to 
mention. One of these typifies the multiple mistaken diagnoses mentioned by the authors 
as frequent. This patient had a large anterior superior mediastinal mass and several other 
masses in the left lung field on chest x-ray. Bronchoscopy yielded a bronchial aspirate 
suspected of showing possible bronchiogenic carcinoma. Left pleural fluid contained only 
mesothelial cells. Thoracotomy demonstrated multiple tumors throughout the left chest 
and lung and a large mass in the anterior superior mediastinum. The tissue removed for 
biopsy was diagnosed on frozen section as metastatic bronchiogenic carcinoma. Later the 
fixed sections were felt to demonstrate a malignant thymoma. Still later the pathologist 
changed to a diagnosis of liposarcoma, but following review of the sections throughout 
the country the lesion was felt to be a malignant thymoma. 

The second case is that of a lipoma of the thymus in a 13-year-old boy. This anterior 
mediastinal tumor weighed 589 Gm. and the pathologist was explicit in stating that the 
tumor was a lipoma of the thymus and not a simple mediastinal lipoma encroaching upon 
thymic tissue. No evidence of malignancy was found in this tumor. 


DR. HOWARD K. GRAY, Rochester, Minn.: We would certainly agree with Dr. 
Effler and Dr. McCormack that tumors of the thymus occur more frequently than has gen- 
erally been appreciated. Since 1940, approximately 75 patients with tumors arising from 
the thymus have been operated upon at the Mayo Clinic. We believe thymic tumors occur 
even more frequently than dermoid and teratoid tumors, which are usually considered to be 
the most common anterior mediastinal tumors. 

While the relationship between myasthenia gravis and thymic tumors is poorly under- 
stood, it is very real and significant. It cannot be pure coincidence that thymic tumors 
have been found in 16 per cent of almost 500 cases of myasthenia gravis seen since 1940, 
or that approximately 70 per cent of all our thymic tumors have occurred in individuals 
with myasthenia gravis. Of considerable interest, too, is the fact that we know of 5 eases 
in which patients who had never had myasthenia gravis previous to removal of a thymic 
tumor have developed typical myasthenia gravis at various intervals after removal of the 
thymic tumors. 


Whether thymic tumors should be considered as benign or malignant depends on one’s 
definition of what constitutes benignancy and malignancy. Certainly they are a unique 
group of tumors. Microscopically they look as if they should be benign. Many show cystic 
changes and areas of calcification and are well encapsulated, and both grossly and micro- 
scopically appear to be entirely benign. However, in other cases a tumor that is identical 
on microscopic examination will invade through the pleura and into the lung, invade through 
the pericardium, obstruct the large veins in the mediastinum, and implant on pleural 
surfaces, producing a bloody pleural effusion. It has been an observation of interest to 
us that thus far we have not seen a true thymic tumor that has metastasized or spread 
outside the thorax. 

It has been our practice to treat thymic tumors that have shown invasive characteristics 
with intensive deep x-ray therapy postoperatively. We have not used deep x-ray therapy 
postoperatively in patients with well-encapsulated tumors. We have not encountered late 
metastases or recurrence in these apparently well-localized tumors. 

The effect of deep x-ray therapy on tumors of the thymus that could not be resected 
has been rather unpredictable in our experience. In some it has apparently been quite 
effective. In other cases that seemed to be identical, x-ray therapy has apparently not been 
of much value. 


DR. JOHN L. POOL, New York, N. Y.: There are two points I should like to make 
on this extremely complete presentation of the subject of thymomas. In the first place, 
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the malignancy of these lesions has been seen in the experience at Memorial Center in very 
much the same way as presented here today, and we agrée that postoperative radiation ther- 
apy is a useful adjunct in cancer of the thymus gland, which so often has a histologic 
appearance similar to the lymphomatous neoplasms. The solid tumor of the thymic gland 
lies in the anterior mediastinal fat and it can be noted to infiltrate the perithymic fat with- 
out any clearly defined capsule. In one instance, a man in his twenties had a cystic thymic 
carcinoma apparently totally extirpated. The lesion was asymptomatic and found by chance. 
The excision was followed by radiation therapy and seven years later metastasis to the 
axilla was noted without any mediastinal recurrence. Another aspect of the natural life span 
of these neoplasms is represented by a 39-year-old woman who had myasthenic symptoms 
in 1950, and a. chest x-ray at that time revealed an anterior mediastinal tumor with a sharply 
defined border, apparently 6 em, in diameter. She was treated with Prostigmin for four 
and one-half years at which time repeat chest x-rays revealed the margin to be ‘‘shaggy’’ 
and to have a definite projection at one point. At this time she came under our care and 
exploratory thoracotomy revealed reticulum-cell lymphosarcoma with infiltration of adjacent 
lung. Malignant degeneration had apparently occurred during the intervening years. These 
findings reinforee to me the advisability of early excision for all undiagnosed anterior 
mediastinal masses. 


DR. DE WITT C. DAUGHTRY, Miami, Fla.—Of our 8 cases of thymoma, 4 have 
been classed as malignant by our pathologists. All, except 1 patient, are alive one to eight 
years following surgery. The death was in a terminal case when first seen and no surgery 
or other therapy was recommended. One other had such extensive invasion of the mediastinum 
that surgical removal could not be accomplished. This was complicated by superior vena 
caval obstruction. Despite the extensiveness of this lesion, the patient is alive and appar- 
ently well seven years after surgery and x-ray therapy. It has been necessary to give him 
two courses of x-ray therapy. 

Four tumors were in the usual location for thymomas while the remaining four were 
located elsewhere; 1 in the lower anterior mediastinum, 1 in the posterior mediastinum, and 
2 within the lung. My associate, Dr. Chesney, has already mentioned one of them in some 
detail. The other one was cystic and located in the mid-lung field. Two of our patients 
complained of excessive fatigability over a period of four or five years which necessitated 
change in their occupation. This symptom has completely subsided in both of them since 
surgery. 

There is no question but that thymic tumors should be explored and removed imme- 
diately upon discovery if possible. In addition, it seems wise even if complete extirpation 
an be accomplished to use x-ray therapy if there is any question of malignancy. 


DR. J. HARVEY JOHNSTON, JR., Jackson, Miss.—Admittedly, the results of thymec- 
tomy in myasthenia gravis are unpredictable. There is increasing evidence, however, that 
thymectomy often effects amelioration of symptoms and occasionally cure in myasthenia 


gravis. 

I should like to record the case of a 35-year-old white woman admitted in extremis in 
an acute myasthenic crisis despite 4 mg. of Prostigmin every hour by injection. Emergency 
tracheotomy was done which aided in evacuation of viscid tracheobronchial secretions and 
more effective ventilation. Despite large doses of Prostigmin and meticulous attention to 
tracheobronchial secretions, her condition remained eritical—so much so, that all observers 
felt that death was inevitable with continued conservative treatment. Thus, with consider- 
able trepidation, emergency thymectomy was performed and a well-circumscribed 8.5 by 
6.5 by 3 em. thymoma was removed and a thymic remnant was removed. The procedure was 
technically easy and tolerated well by the patient. The response after surgery was indeed 
gratifying with rapid and progressive improvement allowing return to full activity one 
month later on a maintenance dose of 30 mg. of oral Prostigmin per twenty-four hours. 

Although this excellent result may be only a fortuitous one, it suggests that early 
thymectomy with the aid of tracheotomy after a short period of intensive preoperative 
preparation may be lifesaving in severe cases of myasthenic crisis. 
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DR. EDGAR W. DAVIS, Washington, D. C.—We too have been quite disturbed by the 
confusion and uncertainty about thymic neoplasia. In the brief time available I would like 
particularly to stress the too little appreciated tendency toward cyst formation. Small cysts 
which are so typical of thymomas cause no diagnostic difficulty, but when the cystic element 
predominates, the thymic origin of the tumor may be completely missed. Actually these 
‘‘thymic cysts’’ have received scant attention in the literature, so much so that perhaps 
the most famous such specimen, namely, the one removed by Dr. Blalock in his first thymec- 
tomy for myasthenia gravis, has been overlooked in all recent reviews on the subject. We 
seriously question whether such cysts are as rare as the literature suggests in view of 5 
thymic cysts among our personal series of 17 thymoma cases. 

(Slide) This is the chest x-ray of a 10-year-old boy. This mediastinal mass had been 
discovered in a fortuitous roentgenogram taken several years earlier, and because of the 
likelihood of its representing an enlarged thymus gland, he had received small amounts of 
x-ray therapy. Ultimately, however, its increasing size prompted its resection. Grossly, 
it was a thin-walled multilocular cyst containing clear fluid. The significance of the thymic 
tissue throughout the septa was appreciated only recently when the sections were re-examined. 

(Slide) This 24-year-old medical student presented a comparable negative history and 
an identical lesion. 

(Slide) This is the x-ray of a 35-year-old woman who, like the others, had no symptoms. 
(Slide) It was a unilocular cyst filled with brownish fluid containing many glittering yellow 
particles. The thymic stroma in its wall was interpreted originally as a degenerating lympho- 
sarcoma. No irradiation was given and she remains well seven and one-half years later. 

(Slide) Again a young woman who had no complaints. The preoperative diagnosis was 
thymoma. (Slide) The specimen was a remarkable, unilocular cyst located in the left lobe 
of the thymus, the entire gland being seen here. (Slide) On section it was found to con- 
tain thick grumous material bke that of any cystic terotoid tumor, No doubt it might have 
been mistaken for a dermoid cyst had not the entire thymus been resected and its relationship 
thus preserved. 

(Slide) This last case, in a middle-aged man, more or less bridges the gap between 
thymie and dermoid cysts, for the lesion was a classical dermoid cyst containing hair. The 
wall was comprised of thymic tissue including Hassall’s corpuscles. Obviously, a case of 
this sort goes a long way toward confirming a more than casual relationship between teratoid 
tumors of the mediastinum and the thymus gland. 


DR. PHILIP W. SMITH, Marion, Ohio.—We have studied 32 cases of primary thymic 
neoplasms of the type described by Dr. Effler. These cases were from the Armed Forces 
Institute of Pathology and from the University of Michigan. Twelve of these cases had 
associated myasthenia gravis, 3 had associated Cushing’s disease and 17 had no apparent 
associated neuromuscular or endocrine disorder. Histologically the neoplasms in all three 
groups were indistinguishable. They are not to be confused with the true lymphomas which 
may involve the thymus, though at times their histologic morphology is similar enough to 
make differentiation difficult. A more simplified classification of these neoplasms seems 
warranted in the light of present knowledge. We believe that the neoplasms in all of the 
groups described by Dr, Effler have a common cell of origin, the so-called thymic reticulum 
cell or, perhaps more properly, the thymic syncytial cell. These tumors present a variety of 
histologic appearances, both between different tumors and in different areas of the same 
tumor. It is probably superfluous to subclassify them histologically according to their 
predominant cell pattern because it tells us nothing of their biologic behavior. 

We agree that all thymic neoplasms should be considered as actually or potentially 
malignant. The criteria for malignancy must usually depend on their gross characteristics 
and upon clinical evaluation of their biologic behavior rather than on histopathologic evidence. 
Three of these 32 tumors did show regional embolic lymph node metastases. Nearly all 
showed capsular invasion, and extensive local infiltration and implantation were common. 
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A prompt tissue diagnosis certainly is essential; and, if possible, total excision of these 
neoplasms with any remaining thymus should be accomplished. If total excision is not 
possible, the mediastinal structures often may be mechanically decompressed by removal of 
a portion of the tumor. Local implantation with appropriate radioactive materials such 
as iridium and/or externally applied roentgen therapy is definitely indicated if one is not 
sure that excision is complete. The response of these tumors to irradiation is variable but 
significantly worth while in a good percentage of them. 

Finally, for the sake of the record, the photomicrograph just shown by Dr. Chesney 
I believe is misclassified as a thymic neoplasm occurring in the lung. A similar tumor is 
to be found in the files of the Armed Forces Institute of Pathology, also occurring in the 
lung. I do not believe it is related to the thymus at all but is actually a type of lymphoma. 
The epithelial-appearing cell clusters are not Hassall’s corpuscles but collections of endo- 
thelial cells. 


DR. DONALD B. EFFLER (Closing).—I want to thank the discussants, and to thank 
Dr. Meade for closing the discussion before someone less friendly than the others had a 
chance to speak. I would like to close with the summary which appears in the paper by 
simply stating that we believe that indications for surgical intervention are the same as in 
all mediastinal tumors and contraindications are perhaps the same. Tissue diagnosis is 
mandatory and in all patients, regardless of whether cr not the tumor can be removed, a 
full course of postoperative radiation therapy is recommended. 





PULMONARY RESECTION IN ACTIVE CAVITARY (OPEN-POSITIVE) 
TUBERCULOSIS 
Rosert H. HouuaNnp, M.D.* (By INVITATION), SUNMOUNT, N. Y., JoHN W. BELL, 
M.D. (BY INVITATION), SUNMOUNT, N. Y., AND Epwarp 8S. WELLES, M.D., 
SARANAC LAKE, N. Y. 
URRENT attempts to control cavitary tuberculosis with prolonged chemo- 
therapy result in a predictable incidence of medical failures. For example 
(Fig. 1), there were no definitive surgical procedures in this random group 
of 179 original treatment cavitary cases during the first 12 months of chemo- 
therapy with streptomycin and PAS. Following 6 months of drug therapy, 
29 per cent had residual cavities and positive sputum, and after 12 months, 18 
per cent still had positive sputum and persistent cavities. 

In the majority of recent reports,’ no attempt has been made to correlate 
the preoperative susceptibility of the tubercle bacilli with the postresection 
complications and therapeutic results. Falk and Tucker‘ state that bacterial 
resistance to the chemotherapeutic agents at the time of surgery appeared to 
have little effect upon relapse or failure in their series of resections. Differing 
from this opinion, we have found this information essential to the proper man- 
agement of these cases and directly related to the complications and end 
results. 

MATERIAL 


This study is a review of 83 sections in 75 patients who had positive spu- 
tum and persistent cavities at the time of operation. For convenience in 


ce 


classification, as suggested by Decker, Raleigh, and Welles,’ the term ‘‘open” 
signifies the persistence of an annular shadow, recognized as such on plani- 
grams. The report of at least one positive sputum culture within the three- 
month period immediately prior to surgery is sufficient to designate the case 
as ‘‘positive.” 

Original chemotherapy eases are those in which treatment was started on 
the first admission, or if on readmission or transfer, not more than 6 months 
of drug therapy with no interruptions over 2 weeks. All other patients, be- 
cause of unknown intervals between drug regimens, are considered to be in 
the re-treatment group. 

Further subdivision of the original and re-treatment groups is based on 
the susceptibility pattern of the tuberele bacilli in the patient, both on the 
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admission sputum culture and on the last positive specimen before operation. 
Susceptible tubercle bacilli are those showing less growth, than in controls, 
in at least 2 of the 3 tubes of ATS medium containing 15 yg of streptomycin, 
10 ng of PAS, and 1 yg of INH per milliliter. 


TABLE I. ADMISSION BACTERIAL SUSCEPTIBILITIES 








Original Chemotherapy.— 
Susceptible 28 
Resistant 0 
Re-treatment.— 
Susceptible 42 
Resistant 13 
83 








On admission (Table I), there were 28 original chemotherapy-susceptible 
cases, and none were found to be resistant. Forty-two were considered as re- 
treatment susceptible, and 13 showed resistant bacilli at the beginning of re- 
treatment. Drug therapy ranged from 2 to 32 months preoperatively, being 
quite prolonged early in the series in an attempt to convert the sputum. 
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Fig. 1—Sputum conversion and cavity closure in original chemotherapy. 


At the time of operation (Table II), 19 original treatment patients still had 
susceptible organisms while in 9 the bacilli had become completely resistant. Of 
the 42 patients re-treated as susceptible, 19 had developed resistant bacilli by the 
time they were considered for resection of surgery. Thus, a total of 32 patients 
came to operation in the re-treatment resistant state. 


TABLE II. PREOPERATIVE BACTERIAL SUSCEPTIBILITIES 








Net 
Original Chemotherapy.— (Change) 
Susceptible 19 I 
Resistant 9 9 
Re-treatment Chemotherapy.— 
Susceptible 23 
Resistant 32 
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OPERATIVE PROCEDURES 


The operations were usually formidable. Nineteen patients had preresec- 
tion thoracoplasties, 4 had permanent phrenic damage, 2 had Monaldi pro- 
cedures, 19 had pneumothorax, and 11 were classical thoracoplasty failures. 
All of these procedures involved the resected side, making the operation more 
difficult technically, and the postoperative course more complicated physi- 
ologically. Wedge resection was performed only twice as a solitary pro- 
cedure; segmental resection, 44 times; lobectomy, 34 times; and pneumonec- 
tomy, 3 times. There were no operative deaths, that is, within 60 days fol- 
lowing surgery. 

COMPLICATIONS 


Major complications of tuberculosis which are defined as bronchopleural 
fistula, empyema, spread or reactivation of disease, and chest wall infections, 
are correlated with respect to preoperative susceptibilities of the bacilli in the 
patient (Fig. 2). In the original chemotherapy-susceptible group, there was 
1 major complication in 19 resections, and, in the resistant group, 5 in 9 re- 
sections. In the re-treatment susceptible group, there were 3 major complica- 
tions in 22 resections, and, in the resistant group, 9 in 33 resections. Nine 
patients in the resistant groups had viomycin and Terramyein added to their 
chemotherapy protocol 6 weeks prior to operation and were continued on this 
program at least 8 weeks postoperatively. In this group there were 3 major 
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Fig. 2.—Major complications. 


THERAPEUTIC RESULTS 


Complete follow-up studies on 72 of these 75 patients range from 3 to 52 
months, and are again classified in relation to the preoperative bacterial sus- 
ceptibilities (Table III). Activity is defined as either radiologie or bae- 
teriologic instability within 3 months of this review. In the original treat- 
ment-susceptible group, no cases are active, 19 are inactive, and all patients 
are living; and in the resistant group, 1 case is active, 5 are inactive, and 3 
patients are dead. In the re-treatment-susceptible group, 1 case is active, 23 
are inactive, and 1 patient died of carcinoma of the tongue with metastases; 
and in the resistant group, 6 are active, 22 are inactive, and 1 patient is dead. 
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Of the 9 patients in the resistant groups treated with viomyein and Terra- 
mycin, 4 have active cases, 4 inactive, and 1 is dead. Therefore, of the 72 
patients followed, 8 have active cases, 64 inactive, and 4 died of tuberculosis 
which makes a satisfactory arrest rate of 95.5 per cent in the susceptible 
groups, and 71 per cent in the resistant groups. 


TABLE III. CuRRENT DISEASE STATUS 








ACTIVE INACTIVE DEAD 





Original Chemotherapy.— 
Susceptible 0 14 
Resistant 1 5 
Re-treatment Chemotherapy.— 
Susceptible 
Resistant 
Viomycin 
Terramycin § 





Resistant 








*Died of cancer of the tongue with metastases. 
DISCUSSION 

Certain radiologie and bacteriologie findings, which are presented below, 
have been extremely useful in anticipating medical failures during the early 
months of chemotherapy. 

Radiologic.— 

1. Cavity size: 35 em. or over. 

2. Cavity location: (a) extreme apical or posterior; (b) those persisting 
under a thoracoplasty (Fig. 3, a). 

3. Cavity configuration: (a) thick-walled, and (b) hanging (Fig. 5. b); 
and (¢) stellate (Fig. 3, c). 

4. Cavity number: multiple adjacent, or those. with a honeycomb appear- 
ance (Fig. 3, d). 

5). Cavity with associated bronchial abnormalities: (a) stenosis; (b) 
ectasia. 

Bacteriologic.— 

1. Failure to reduce the bacillary content of the sputum in the first 3 
months of chemotherapy. 

2. Development of partial resistance to streptomycin, PAS, or INH. 

3. Failure to convert the sputum in the first 6 months of chemotherapy. 

When one or more of these radiologie findings is present, the cavity will 
usually not close, and when combined with one or more of the bacteriologie 
findings, sputum conversion is unlikely. 

In the eandidate for resection who is considered a predictable medical 
failure, there is little to be gained by prolonging treatment to the point where 
bacterial resistance emerges. Although the achievement of sputum conver- 
sion is desirable, even the open negative state does not guarantee the pres- 
ence of susceptible bacilli.® 

Vigilance is particularly necessary in the re-treatment group where the 
rapid emergence of drug resistance is a common phenomenon.’ These patients 
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should be considered for resection several months earlier than their original 
chemotherapy counterparts and appropriate changes made in their medical 
protocol if resistance is developing. 

The patient with uncertain drug coverage, or known resistance, should 
be bronchoseoped prior to resection. In these patients, transection of unrecog- 
nized endobronchial disease or spillage of tuberculous material at operation 
may invite pleural complications. The plan at operation in the resistant pa- 
tient is to perform a wide, clean resection, which usually means a lobectomy, 





Fig. 3.—Planigrams illustrating various types of cavities that antituberculosis chemo- 
therapy is not likely to close; (a@) cavity persisting under a thoracoplasty, (b) thick-walled 
and hanging cavity, (c) stellate cavity, and (d) multiple adjacent cavities. 
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unless the disease is extremely well circumscribed. This is in contrast to the 
practice followed in the susceptible group where limited resections have been 
found to be perfectly safe. 

Murphy* reports satisfactory results in only 77.6 per cent of his opera- 
tions for cavitary resection, as compared to 94.7 per cent in those operations 
where closed lesions were resected. In resections where the sputum was posi- 
tive, 82.8 per cent of the patients had good results, as compared with 94.4 per 
cent where it was negative. These statistics are strikingly similar to ours 
when the bacterial susceptibility data are omitted. Of the three factors, open 
cavity, positive sputum, and bacterial resistance. we think the latter is the 
most significant in regard to the postresection complications and therapeutic 
results. 

SUMMARY 

1. Eighty-three resections in 75 patients with residual cavities and posi- 
tive sputum are reviewed. An attempt is made to correlate the preoperative 
findings on tubereule bacilli susceptibility with the complications and ther- 
apeutie results. 

2. In the original treatment-susceptible patient, resection should probably 
be performed between the third and sixth month of chemotherapy, and, in the 
re-treatment patient, several months earlier in order to avoid the develop- 
ment of bacterial resistance. 

3. Of the three factors, open cavity, positive sputum, and bacterial re- 
sistance, we believe the latter to be the most significant in regard to the post- 
resection complications and therapeutic results. 

4. Despite the presence of open cavity and positive sputum, we have had 


excellent surgical results in our susceptible patients, and only fair results in 


those who were resistant. 

5. The addition of viomycin and Terramycin to the chemotherapy proto- 
col of 9 resistant patients, 6 weeks preoperatively and continued postoper- 
atively, did not seem to alter the end result. 
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DISCUSSION 


DR. WATTS R. WEBB, Sanatorium, Miss.——I want to congratulate this group on 
their excellent presentation and certainly on some very excellent results in handling a 
very difficult situation. We have attempted to avoid development of this status, at least 
in the original treatment group, by the utilization of various teams of the drugs in order 


that we might always have a group of drugs to which the bacteria presumably would not 
be resistant. That is, ordinarily we start out with streptomycin and PAS and later on 
when there appears some evidence of resistance we switch over to isoniazid and Promizole 
and, later on, as some of the other antibiotics have been developed, we use still a dif- 
ferent team. We have on occasion used as many as three teams of antibiotics on a single 
patient. We feel that this has given us, at least at the time of operation, a team that was 
effective against the bacteria present at that particular time. In contradistinction to their 
results we have found that we were thus able to continue effective drug treatment until 
these patients, judging by the appearance of the contralateral side and other factors, 
were ready for surgery. Our results in the group that have been treated with various 
teams of drugs have been superior to those in the group where operation was performed 
in the pesence of bacterial resistance. 

We do concur that an earlier attack on the cavitary lesion is indicated whenever 
the condition of the remaining lung permits. 


DR. WILLIAM M. LEES, Chicago, Ill—It is encouraging to note that people in the 
East are also seeing some of these far-advanced and moderately advanced cases that we 
are seeing in Chicago. This is especially true in view of the fact that a review of the 
data as recently published in that illustrious journal, the Chicago Tribune, has revealed 
that in some areas of the country the primary indication for surgery is the fact that there 
are a few flyspecks on the x-ray and an occasional positive sputum; whereas in other parts 
of the country the large cavities, openly revealed, are permitted to remain, just because the 
sputum is negative. 

In reviewing more than 300 resections during the last 2 years or so, I would like to 
confirm some of the observations reported by Dr. Holland in that more than 85 per cent 
of our complications have occurred in those patients with preoperative sputa positive. 
The majority of these patients have had intermittent chemotherapy, to be sure. However, 
a number have had continuous chemotherapy, and I think we will find that it is in this 
group that we are going to encounter most of the complications, at least, from the point 
of view of the pathology present. 

In this group, I am referring to the pathologic specimens which, when studied care- 
fully, will in practically all instances reveal the presence of tuberculous endobronchial 
disease, not necessarily at the bronchocavitary junction, but at some distance from this 
area. I believe this plays a considerable role in postoperative complications. We, too, 
have found that the complication rate is higher in those who have tubercle bacilli re- 
sistant to all the drugs. We also attempt to keep viomycin in reserve and we hope that 
perhaps seromycin, when it becomes available, may be of some benefit in this rather 
tragic group, small though it is. 


DR. FELIX A. HUGHES, JR., Memphis, Tenn.—Thanks to Dr. Barnwell, I have the 
results of a study of morphology and bacteriology of resected tuberculous lesions in the 
VA-Army-Navy cooperative study. In my opinion, the data may be said to agree with 
the recommendation for early surgery. These patients, from 35 hospitals, had operations 
performed under the supervision of members of this Association. 

(slide) This slide shows the percentage of negative lesions, related to the months of 
chemotherapy treatment, in 494 patients with closed lesions who were clinically negative 
for acid-fast bacilli. No patients were selected for study with less than 4 months of 
treatment. Here you can see the bacteriology of the lesions changed very little after 4 
to 5 months of chemotherapy. What gain is obtained is accompanied by a gain in positive 
smears even after 12 months of therapy. 
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(slide) This slide relates closed lesion bacteriology and chemotherapy regimen to 
how many months the patients were clinically negative. A gram a day of streptomycin 
plus PAS administered until the patient was clinically negative for 2 months resulted 
in excised lesions that showed about as high a percentage of negativity as was found at 
the end of a year. This confirms, I think, the judgment of the people who resected these 
lesions, because the lesions showed such a high negative percentage, but it also confirms 
the observation that as soon as the patient is clinically ready, the resection should be 
carried out. Even with streptomycin twice a week plus daily PAS, apparently the max- 
imum effect on the lesion is reached after the patient has been clinically negative for 
4 to 6 months. 

(slide) When considering only patients who had lesions with negative cultures but 
positive smears, which I think indicates less therapeutic effect than a negative culture 
with a negative smear, a gram of streptomycin plus PAS daily caused a maximum im- 
provement in the lesion, of being clinically negative, at the end of four months. With 
streptomycin twice a week plus daily PAS, there is a slight therapeutic increase through- 
out the 12-month period, 

(slide) When it comes to resected open lesions, although still negative clinically, 
there is a marked decrease in the percentage of lesions that are negative during the 
period between 4 and 5 months and 6 and 7 months. I think this is very significant and 
is why the VA studies confirm the recommendations given by Drs. Holland, Bell, and 
Welles. 

This is hindsight evidence, but indicates that astute clinical judgment in the 
handling of tuberculosis cases is more indicated than ever. From my experience with the 
resection of approximately 500 tuberculous lesions, I also agree with the recommenda- 
tions presented here. Our findings have agreed too that when the tubercle bacilli are re- 
sistant there is a tremendous increase in the percentage of complications, When there is 
a predictable medical failure, which frequently can be determined early, resection in 
suitable patients should be done at the earliest optimum time. 


DR. WINFIELD O. KELLEY, Norwich, Conn.—Our findings in the tuberculous 
cavity are similar to those of Dr. Holland. I would like to stress a point which we feel 
is very important in evaluating these cases preoperatively. In going through our series 
of the last 243 cases, I was able to pick out 167 with cavities which perhaps agree with 
the principles followed by Dr. Holland in his classification. It seems that we are unable 
to evaluate the cavity situation by regular x-rays alone and we have come to rely upon 
laminagrams almost exclusively. It has been difficult also, even in that respect because of 
the interpretation of the roentgenologist and we found we had to saints probable cavities 
even when we used laminagraphic interpretation. 

(slide) There were 167 specimens from patients with cavitation; 121 showed acid- 
fast bacilli by smear or culture, making 72 per cent. There were 104 with a positive 
smear, at least one positive smear; 90 had positive cultures and only 70 were positive both 
by smear and culture. 

(slide) This may be a more rigid classification than was used by Dr, Holland and 
his group. For open cavity cases, we specify that the sputum had to be positive within 
6 weeks of operation; there was laminagraphie evidence of cavity preoperatively and there 
was proof that there was a cavity with a positive finding of bacilli in the cavity that had 
been resected. In this series of 167 specimens from patients with cavitation, there were 
121 specimens (72 per cent) which were positive for acid-fast bacilli by smear or culture; 
104 (62 per cent) which were positive for acid-fast bacilli at least by smear; 90 (54 per 
cent) which were positive for acid-fast bacilli at least by culture; and 70 (42 per cent) 
which were positive for acid-fast bacilli by smear and culture. 

The results in these cases were as follows: There were 24 patients whose tests were 
still positive by smear or culture postoperatively but in 2 of these the organisms proved 
to be saprophytes. Then we had 22 cases that had to be further evaluated. Most of 
the specimens became negative soon afterward, the time varying between 1 and 3 months. 
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Three patients died, not early deaths but late deaths, one of bacterial endocarditis along 
with advanced tuberculosis; another had far-advanced tuberculosis; the third had an 
accidental death. One of these patients had a relapse and is now in the hospital. 

(slide) In order to point out some of the problems in evaluating these cases, this 
shows the x-ray after 10 months of streptomycin and PAS therapy. The sputum was 
positive on admission but became negative and was negative at the time of operation. 
There is a small lesion in the left lung which is probably impossible for most of you to 
see. (slide) This is the lesion which was resected. 

(slide) There is an obvious cavity here of rather large size, and another smaller 
lesion here. This patient’s specimen was negative by smear but was positive by culture. 
This case could not be used in our series even though it was proved to be a positive case. 


DR. NORMAN J. WILSON, Brookline, Mass.—I should like to compliment Dr. Hol- 
land, Dr. Bell, and Dr. Welles, not only for calling our attention to a timely and impor- 
tant subject, but also for calling attention to other important criteria which determine 
the success of surgical treatment other than those related to drug therapy. We have heard 
a great deal in the literature, and also here this morning, about drug criteria and the fact 
that a positive sputum and open cavity are sources of danger to the patient undergoing 
resection. 

I should like to ask, do you really think that is true? Or is it the fact that most 
patients of this type are those who had the most serious tuberculosis to begin with and 
those who represent treatment failures? Many patients with open cavities who have been 
treated over long periods of time, and especially with recurring or persisting positive 
sputum, have partial to complete resistance. This fact would seem to be of great im- 
portance compared with the fact that a positive sputum or an open cavity was present. 

Recently Dr. Edward Hayes, Dr. Overholt, and I made a study of a group of pa- 
tients on their first course of drugs, who had been treated by resection during the early 
months of treatment. One hundred and eight had resection performed with less than a 
month of drug therapy. The only difference in statistics in the groups that were studied 
was that the earlier the resection was done the better the results, provided the surgical 
criteria were abided by. 

What are the surgical criteria? First, that the only threatening lesion is within the 
unit of lung to be resected and that all other lesions have been controlled by drug therapy 
and medical treatment. Second, that the patient have an adequate respiratory reserve. 
Third, that the patient has had intelligent drug treatment sufficient to eliminate toxic 
symptoms and excessive sputum. It is our experience that when these fundamental 
surgical criteria are present, the duration of preoperative chemotherapy is unrelated to 
the results, except that those patients who are operated on very early during the course 
of drug treatment have slightly better results than those operated on later. 

One other thing I would like to pass on: We have found that pyrazinamide is the 
best drug to protect the patients in serious condition who have already had prolonged 
chemotherapy while undergoing resection. 


DR. A. M. DECKER, Richmond, Va.—I feel an obligation to make two points for 
the record. First is a point of which Dr, Holland and his colleagues are fully aware, but 
I am afraid they will perhaps not have time to clarify it directly, and I feel that some 
of the data might be misinterpreted. The first slide that was presented showed a sharp 
increase in the per cent of conversion and cavity closure which occurred between 6 and 
12 months. Those percentages are correct. However, this is a tapering study with some 
failures having been removed from the study after 6 months by various means of surgical 
intervention. So actually the percentage of cavity closure and percentage of failure in 
the over-all group does not change greatly after 6 months. The other point I would like 
to make is that we are not yet certain of the exact level of significance of drug resistance. 
I speak specifically of streptomycin. I think that resistance to 10 ug of streptomycin 
per cubic centimeter does not correlate with clinical drug resistance as well as resistance 
to 15 wg. There is certainly a place for further studies along this line. 
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DR. BELL (Closing).—We are very glad to have had the opportunity of shifting 
the spotlight to tuberculosis, a disease which the lay press and possibly some physicians 
seem to believe is no longer a medical problem. Despite the use of all available anti- 
tuberculosis drugs and modern resection technique, we have been unable to eliminate this 
disease. You have just heard the morbidity of this chronic relapsing disease. It is still 
present, and Dr. Medlar has predicted that it will probably increase in coming years. 

With regard to Dr. Webb’s comment on the various drug combinations by which 
they have tried to convert these cases to the negative-sputum state, our patients have had a 
variety of drug combinations, most of which have been continued to the point of re- 
sistance rather fruitlessly. In fact, patients who were resistant to streptomycin and 
PAS will, when isoniazid is added, in effect be getting INH alone and rapidly become 
resistant to it; thus using one of the best drugs left for surgical coverage. We have not 
had a great deal of experience with viomycin and Terramycin and Pyrazinamide but as you 
have seen, the results with viomycin are not encouraging. The number in our series is not 
great and we obviously do not present this material because we are particularly proud 
of the results. Nor do we wish to imply that the unsatisfactory cases are necessarily 
surgical failures; or even just chemotherapeutic failures. Actually, they are probably 
total failures of both medical and surgical treatment. 

We should like to emphasize one point in the current resection surgery of tubercu- 
losis. This is the important consideration of whether or not the surgical candidate is 
harboring resistant tubercle bacilli. We have just mentioned that late tuberculosis com- 
plications occurred in one third of the patients with resistant bacilli who had resec- 
tions. This incidence is reminiscent of the forbidding morbidity whch occurred in the 
predrug era. The problem of resistant bacilii is not confined to patients with cavitary 
disease and positive sputum. We have become aware that even the patient who comes 
for resection with sputum negative for 3 months or more may harbor, in 10 to 15 per 
cent of the eases, resistant tubercle bacilli which simply are not being sloughed into the 
bronchial tree, 

Tn 500 resections at Sunmount Veterans Hospital since 1950, we have had 17 cases of 
postoperative parenchymal reactivation which have followed at varying intervals after 
resection. Of these patients, 13 had negative sputum at the time of operation. Two had 
no cavities, and 11 were operated upon because of the open negative state. The remaining 
4 had open eavities and positive sputum. Only 2 of the 17 postresection tuberculosis 
reactivation cases had susceptible tubercle bacilli. In other words, 15 were resistant. In 
10 of the 17 patients, all of whom had both x-ray and bacteriologie relapse, all palpable 
disease had been removed. The microscopic spillage, which probably occurs in nearly 
100 per cent of resections, is apparently innocuous in the patient with good drug control 
but is not safe in the resistant patient. Segmental resections or wedge resections which 
open raw surfaces may clear disease by only narrow margins and may also result in 
transection of unrecognized endobronchial disease at a subsegmental level, as mentioned 
by Dr, Lees. In view of these facts, we have favored lobectomy in any patient who is 
suspected of harboring resistant bacilli and who has uncertain drug control, regardless 
of whether or not the sputum was positive. In 8 patients in whom resistance was not 
suspected, parenchymal reactivation followed very promptly after segmental excision. 
Secondary lobectomies were necessary and in 1 case pneumonectomy became necessary to 
control the disease. 

We should like to thank the discussants. 
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INTRODUCTION 


HEN in any field of surgery a single operation can successfully replace 

two operations, an advance has been made. In abdominal surgery staged 
resections of the colon have been abandoned except when there is obstrue- 
tion. Only at the beginning were two operations rather than one needed to 
resect cancer of the pancreas. Excision of cancer of the middle third of the 
esophagus through the right chest apparently required a two-stage operation 
at first?* but it no longer does. It is a surprising anachronism to find recently 
that a two-stage operation is still recommended for pharyngo-esophageal di- 
verticula™; most surgeons gave it up years ago. More examples could be 
added but the point is clear. One operation is better than two provided, of 
course, that it accomplishes as much with equivalent risk and disability. This 
paper describes one way in which a single operative procedure ean replace a 
two-staged operation in the surgery of pulmonary tuberculosis. 

Pulmonary tuberculosis frequently spreads bilaterally*® and it may pro- 
gress far enough so that a bilateral resection is needed. Conventionally, the 
disease is excised at two separate operations through two long posterolateral 
incisions. This is not necessary, for, due to the anatomie distribution of the 
disease, it is technically quite easy to resect both sides through a single in- 
cision. Usually tuberculosis infects the superior poles of the lung and this 
region, especially, may be reached on both sides through a single, transverse, 
anterior incision. 

It is not difficult to find reasons that favor a simultaneous rather than a 
staged bilateral resection for selected patients with bilateral disease. The 
total time of treatment and disability could be shortened and the expense 
greatly reduced with a single operation. The danger of postoperative aspira- 
tion or spread from residual disease is gone if this disease has been taken at 
the first operation. Then too, respiratory stress may actually be less after a 
simultaneous bilateral operation than after the second stage of a staged pro- 
cedure. 


From the Anoka State Mental Hospital, Anoka, Minn., and the Department of Surgery, 
University of Minnesota, Minn. 

Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic 
Surgery at Atlantic City, N. J., April 24 to 26, 1955. 
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This reasoning might be applied to some of the patients in any tubercu- 
losis sanatorium. Actually, the simultaneous bilateral operation has been done 
only on the inmates of the Anoka State Mental Hospital and for these particu- 
lar patients there has been, in our experience, at least one special reason favor- 
ing the use of a simultaneous bilateral operation. At the time of writing, 94 
patients in the Tuberculosis Unit of the Anoka State Mental Hospital are await- 
ing surgery. For each of them surgery has been recommended by a joint 
medical-surgical conference and they are ready, but operating time and facili- 
ties are limited and they must wait. With an overwhelming surgical load 
such as this, a reasonable method of accelerating the care of some patients, 
such as the simultaneous bilateral resection, seems fully justified. 

This long list of patients awaiting surgery reflects merely one facet of a 
trying problem—tuberculosis in state mental hospitals. The high incidence of 
the disease in this population is well recognized.” > The problem has not been 
solved but at least the management of this situation has been progressive in 
Minnesota. All mental patients with tuberculosis are isolated in one modern 
unit which is part of a larger mental hospital. The plan of control and treat- 
ment, as well as our experience with resectional surgery in these patients, has 
been described in another publication.12 Mental patients with tuberculosis 
deserve modern care in their own right as ill human beings but they must have 
it for another reason too, As an important remaining ‘‘seed bed’’ of the dis- 
ease, they menace the public health. 

The history of simultaneous bilateral pulmonary resections is meager. 
Some possibly apocryphal evidence suggests that one of the first pulmonary 
resections attempted was actually a bilateral operation done by Block in 1882.7 
It failed. The only medical report, at the time, about this operation was by a 
correspondent to the Boston Medical and Surgical Journal who had not seen 
the operation.** Block himself apparently did not find time to record the 
ease, probably because he was ineapacitated with the turmoil that led to his 
suicide—a direct consequence of his failure. Thus, the operation’s history 
began on a melancholy note. ‘ 

In recent times Overholt?® has preceded us. In each of three reported 
cases, he used a bilateral posterolateral incision to resect segments of both 
lungs. The disease was bronchiectasis in two eases and the third case was 
mixed—a tuberculoma was found on one side and a hamartoma on the other. 
Our first report on the simultaneous bilateral operation was made in 1954.22 


INDICATIONS 


Rather than depend upon antibioties alone’® we have preferred, whenever 
possible, to resect even residual necrotic foci as well as inspissated cavities 
and more advanced disease.’ * 1 All types of resectional surgery have been 
used liberally on mental patients with tuberculosis, perhaps even more liber- 
ally than resection would have been used for the same stages of disease in sane 
patients. We have tried to bring each patient to a state of health where he 
could be removed from the tuberculosis section and returned to the crowded 
general wards of the mental hospital. This transfer requires caution. In a 
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state mental hospital tuberculosis is liable to be contagious. Even an infre- 
quent positive sputum arising from an apparently inactive disease can be 
dangerous if it is produced by an irresponsible patient. Before they leave 
isolation, patients must show consistently negative gastric cultures and x-rays 
with no evidence of tuberculosis or, at most, only minimal scarring. In gen- 
eral, then, resection has been recommended for all patients with stable, fibronod- 
ular or more advanced disease if the disease appeared to be resectable with- 
out undue risk. 

The simultaneous bilateral operation has been used for a select fraction of 
those needing surgery. We have chosen ambulatory patients in relatively 
good physical health who seemed to require no more than segmental resec- 
tions on each side. In most eases the gastric cultures were negative and the 
roentgenologiec appearance had been stable for some time. Young patients 
were preferred. As a matter of fact, however, the patients who had the 
simultaneous bilateral procedure averaged about the same age as the other 
surgical patients. No particular psychotic state has contraindicated the opera- 
tion. 

PREOPERATIVE PREPARATION 


Preoperative management did not differ from that which preceded uni- 
lateral resections. The patients received antibiotics for an average of 12 
months (3 to 35 months) before surgery. All had 0.5 Gm. of dihydrostrepto- 
mycin twice a week combined with 200 mg. of isoniazid daily. Five patients 
also took para-aminosalicylic acid during part of their course. Bed rest has 


proved impractical for most patients with mental disease and so it was not 
used. 


TECHNIQUE OF THE SIMULTANEOUS BILATERAL RESECTION 


A Pentothal-curare mixture is used for anesthetic induction and endo- 
tracheal intubation with the subsequent addition of nitrous oxide and oxygen 
in equal parts. In some cases cyclopropane has replaced this mixture during 
the latter part of the operation. In order to inflate one lung selectively while 
operating on the other, a double-lumen Carlens’ tube® was tested; it worked 
satisfactorily, but is not necessary. Despite the use of controlled respiration 
throughout with a single-lumen tube, exposure is not obstructed. 

The patient lies supine on a roll which elevates the chest (Fig. 1, A, B, C) 
and a transverse anterior incision is made as illustrated in Fig. 1, A. In 
women, the breasts nearly hide the resulting scar. In men, this cosmetic result 
cannot be achieved so the incision is placed above the nipples. In contrast 
to a posterolateral incision the muscles of the chest wall beneath this incision 
suffer little trauma. It is necessary only to split the pectoralis muscles in or- 
der to reach the third interspace. This interspace is then opened bilaterally 
before the sternum is divided transversely. A self-retaining retractor in the 
midline with another supplementing it on the side under attention provides 
good exposure (Fig. 1, D and E). Occasionally the lower sternal segment will 
press posteriorly against the heart as the wound is opened but this can be cor- 
rected by patiently adjusting the position of the retractor blades. 
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Fig. 1.—Technique of the simultaneous bilateral operation. 


A, Position of the patient. The location of the incision in a woman is illustrated. Arms 


are usually kept at the sides. 

B, C, Rotation of the table first to one side and then to the other in order to obtain 
maximum exposure. A roll of cloth is placed under the back to elevate the center of the 
chest. 

D, Exposure obtained upon opening the wound. 

E, Resection of the left apical-posterior segment is in progress. Better exposure 
obtained if a second retractor is inserted and if the table is rotated to the patient’s right. 

F, Resection has been completed on both sides. The raw lung surfaces are illustrated. 


G, Sternum approximated with heavy wire sutures. 


is 
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Resection of both apices can now proceed at the same time with two 
operating teams but we usually have not had enough help for this. In any 
ease, by doing one side at a time after rotating the table appropriately (Fig. 
1, B and C) a wider field is exposed. 

Other authors have described resection techniques in detail* 1” 1° so little 
need be added here. Approach from the front alters none of the essential 
steps. After cutting the adhesions, we divide the arteries to the diseased seg- 
ment and then the bronchus. Following this the segment is separated from 
the rest of the lobe as near as possible to the intersegmental plane, mostly by 
blunt finger dissection starting from the root. Small veins that cross the in- 
tersegmental plane are clamped as they are encountered. 

After the resections are completed (Fig. 1, E), two large intercostal 
catheters are fixed in each chest and the wound is closed. The sternum is 
wired with heavy stainless steel (Fig. 1, G) and the muscles are brought to- 
gether with gut. The entire operation requires but little longer than a uni- 
lateral resection because the wound takes less time than a posterolateral 
wound. 


POSTOPERATIVE CARE 


Postoperative care demands special vigilance. The mental attitude of the 
insane always complicates care following any operation and a bilateral thora- 
ecotomy obviously adds special hazards. Chest catheters are stitched in place 
with fishline so that they can be pulled out only with great difficulty and the 


catheters of each side are connected to separate suction systems. When the 
lung fails to fill the hemithorax, an additional catheter may be inserted high, 
anteriorly through a trocar. 

Many mental patients do not obey. They may remain passive and indif- 
ferent or they may resist treatment actively. In either ease, if they do not 
cough forcefully, a tracheotomy should be made to permit frequent tracheal 
aspiration. 

After recovering from surgery, the patients return to the preoperative 
routine. Antibiotics are continued for at least four months postoperatively 
and long enough, in any ease, so that a total of twelve months pre- and post- 
operative treatment has been given. The patients are not kept in bed. 

Nine months or more following surgery these patients may be discharged 
from isolation if they are clinically well, if their x-ray examinations are satis- 
factory, and if they have had at least 6 negative and no positive gastrie culture 
examinations following discontinuance of antibiotics. Further follow-up con- 
forms to a routine described previously.’? 


CLINICAL MATERIAL 


The simultaneous bilateral operation has been done on 16 patients with 
no deaths. The sex distribution and age range are shown in Table I. The 
entire group of 187 mental patients who have had pulmonary resections for 
tuberculosis averaged 46.6 years in age—only a little older than the bilateral 


group. 





THE JOURNAL OF THORACIC SURGERY 


TABLE I. SIMULTANEOUS BILATERAL RESECTION FOR PULMONARY TUBERCULOSIS 








NUMBER OF | SEX | AVERAGE AGE 
PATIENTS | mM | FP AGE RANGE 


16 aa 5 44 25 to 56 0 











One patient was a convict transferred to the tuberculosis unit from prison 
while the others carried psychiatric diagnoses. Ten had schizophrenia and 
-they were further classified as follows: paranoid, 6, hebephrenic, 3, and 
catatonic, 1. Three were feeble-minded 1 was a manic depressive, and 1 bore 
the diagnosis of chronic brain syndrome plus a nonspecified convulsive dis- 
order. 

All but one of the operations conformed to our plan of employing the 
simultaneous bilateral operations for patients who required no more than seg- 
mental excisions on each side. The commonest resection, used in 9 patients, 
was an apical-posterior segmental resection on the left with a resection of both 
the apical and posterior segments on the right. In 5 patients more lung tissue 
was removed while in 2, lesser resections proved adequate. Of the 5 in whom 
more tissue was removed, 2 had the operation just described plus wedge resec- 
tions of the lingula or superior segment, 1 had the first operation plus resec- 
tion of the right superior segment, and in 1, resection of the left anterior segment 
as well as a wedge of the superior segment was added. The fifth had a right 
upper lobectomy and a wedge resection of the superior segment plus resection 


of the left apical-posterior segment. One of the 2 patients who required less 
than the first operation described had an apical-posterior segmental resection 
on the left but only an apical segmental resection on the right. The other had 
an apical and posterior segmental resection on the right plus multiple wedge 
resections on the left. 


Ten patients convalesced uneventfully while 6 suffered various significant 
complications. One man, while unguarded, pulled out all the chest tubes dur- 
ing the first postoperative night and he was, moreover, troubled by retained 
respiratory secretions. After new tubes were inserted and a tracheotomy was 
performed he recovered satisfactorily. Two other patients failed to cough 
effectively and atelectasis developed. Following tracheotomy both of them 
were relieved of their respiratory difficulty and further trouble was averted. 

Finally, the last 3 patients operated upon, all men, have had a complica- 
tion peculiar to the operative incision used. In each of them the sternal repair 
broke down. The skin remained intact in 1 and though there was some para- 
doxical chest motion he was helped by a tracheotomy and maintenance of a 
flexed posture. He had no further complications. In the second patient the 
skin separated after the sternum came apart and the wound opening led di- 
rectly into the superior part of the left pleural cavity. The entire space be- 
came infected and in time a bronchopleural fistula appeared. He was treated 
with a tracheotomy, drainage, and a partial thoracoplasty; the space disap- 
peared and the fistula has finally closed. The last patient in the series also 
had an anterior wound separation and infection following a sternal break- 
down. To begin with, this man was a poor operative risk because he had dif- 
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fuse, moderately severe pulmonary emphysema and was 52 years old. Despite 
this trouble he is now recovering rapidly, though the wound is not quite 
healed. The separated sternum was brought together by keeping him in a 
sitting position with the thorax flexed. Respirations were further strength- 
ened by using an abdominal binder and by doing a tracheotomy. Fortunately, 
the pleural cavities were not involved in the wound breakdown. 

Since the first of these operations was done only fifteen months ago, its 
effectiveness in eradicating the disease cannot yet be measured. Up to the 
present time, however, none of the patients have suffered reactivation of their 
disease. Four have been discharged from the tuberculosis unit, 1 is awaiting 
discharge, 5 receive antibiotics no longer and they are undergoing a series of 
gastric washings for culture examination or await reports on these examina- 
tions, and the last 6 patients are still being treated with antibiotics. 


DISCUSSION 


In our complete series the incidence of bilateral resections, either staged 
or simultaneous, has been high. Among a total of 187 patients with resec- 
tions, 26 have had staged bilateral resections and 16 (the present group) have 
had a simultaneous bilateral operation. Thus 22 per cent of the entire group 
have had bilateral resections and a few more, still in the unilateral group, 
may be candidates for a contralateral resection. We have employed resec- 
tional surgery freely in this special type of patient—State Mental Hospital in- 


mates with tuberculosis—for reasons discussed earlier in the paper. As a con- 
sequence we have apparently found a greater need for bilateral resections than 
others.* *1° 2° Tt is not yet established that residual caseous nodules of tu- 
berculosis should all be resected but at least for our special group of patients 
we have assumed that this is the best course. If it is, many patients will need 
bilateral resections and so it is reassuring to know that they can be done with 
a low risk. Though the fatality rate in the entire group of 187 patients who 
underwent resection for tuberculosis was 8.6 per cent there were no deaths 
among the 42 patients who had staged or simultaneous bilateral resections. It 
must be pointed out, however, that two deaths in the unilateral group were 
in patients who had anterior incisions similar to the incision used for the bilat- 
eral operations. Both suecumbed on the thirteenth postoperative day, one of 
a pulmonary embolism, while the other had bronchopneumonia and atelectasis. 

Sternal separation as a postoperative complication was unexpected. A 
similar sternal repair did not break down in any of the 27 patients whose 
atrial septal defects were repaired through this type of incision.1* For the 
heart operations the sternum was usually divided at the fourth rather than the 
third interspace and there may be less strain at this lower level, but this seems 
unlikely. There is another possible explanation. Insane patients often react 
minimally to painful stimuli and they may, therefore, fail to protect an opera- 
tive wound as carefully as sane patients do. While agitated, insane patients 
move strenuously, treating their operative wounds with apparent indifference. 
Whatever the cause, sternal separation can probably be prevented, even among 
mentally agitated men, if a stronger sternal repair can be devised. 
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SUMMARY 


1. A simultaneous bilateral resection has been used for pulmonary tu- 
berculosis in 16 inmates of a state mental hospital. There were no deaths. 

2. The lungs were exposed through a single anterior, transverse incision 
with transection of the sternum at the third interspace. Except for the in- 
cision, technical details of the resections are those of the conventional opera- 
tion. 

3. Sternal separation postoperatively complicated the recovery of 3 pa- 
tients. 


4, Tuberculosis has not reactivated as yet in any of the patients but the 
first patient was operated upon only fifteen months ago. 
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DISCUSSION 


DR. RICHARD H. MEADE, Grand Rapids, Mich.—I rise not to discuss the merits of 
this paper, which I think is an excellent presentation, but I want to be the first to say 
that I think this is the best presentation we have had. Here is a man who has talked to 
you, who has not read a paper. I hope the time will come when this organization can have 


all papers presented in this manner. 


DR. G. N. J. SOMMER, Jr., Trenton, N. J.—I think it is a very wonderful thing to 
have this subject—the treatment of tuberculosis in the mentally ill—discussed before this 
Association. We all know it is a serious problem that is very much neglected. I believe 
it is a problem that can be solved. The solution will come through a treatment program 
in every mental hospital and by a very careful program of detection. I am rather sur- 
prised to read that, in New York State, the mental institutions have had four or five sur- 
veys in the last seven or eight years. I believe it is important that a survey of all the 
patients and employees be done twice a year in each hospital. In our own experience in 
the State Hospital at Trenton, we have, I believe, cut down our incidence of new cases 
developing among our own patients tremendously by this program, and by proper isola- 
tion of the patients. A great many of our patients with severe tuberculosis are now ad- 
mitted from the outside rather than developing tuberculosis within the institution. 

To get down to Dr. Lewis’ paper, I am much impressed by the total number of pa- 
tients operated upon. I am not surprised in this particular operation of bilateral resection 
that the three most serious complications occurred in the last 3 patients. That has been 
my experience. About the time I thought that I could get as good results generally with 
psychotic patients as with nonpsychotie patients, I ran into trouble. Quite frankly, I am 
not in sympathy with the bilateral operation, because I have an idea that if he continues 
he is going to have a greater percentage of serious complications than he thought he would 
have in the beginning. The last 3 patients were those who had sternal separations. 

In my own experience these are difficult patients to operate upon. That does not 
deter me and I hope it does not deter any others, but one is certainly going to have more 
trouble. I have had enough trouble with unilateral operations without going into bilat- 
eral operations at one sitting. As Dr. Lewis pointed out, the average age of these patients 
is higher than in nonpsychotic patients upon whom we all operate. I have the feeling 
that we could go back in some of these patients and do thoracoplasties, because in the 
older group we find more serious emphysema. This is my experience, and in talking to 
some of the members of this Association I understand they have had similar troubles; it 
leads to more difficulty with air leaks and eventually with bronchial fistulas from the un- 
expanded lung. For those patients, I have an idea that thoracoplasty offers a safer method 
of operation. 

Several years ago, with my colleagues in two hospitals, we reported a number of cases 
of thoracoplasties with good early results. These results have stood up very well, and I 
believe that this is an indication that in a number of older patients we should go back to 
this procedure, once so popular. 


DR. RICHARD H. OVERHOLT, Boston, Mass.—Since one is often confronted with 
the problem of bilateral surgical disease, it is fortunate that we have heard this presenta- 
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tion today. It may be unfortunate that there are not psychiatrists present so that they 
might hear of a new type of shock therapy. There is no question but that certain pa- 
tients with bilateral pulmonary disease may be saved time, money, and considerable dis- 
comfort if a bilateral procedure can be accomplished at one sitting. Dr. Lewis and his 
group have been confronted with a captive group of patients. Our experience has been 
with patients who voluntarily elect to come. This has forced us to be deeply concerned 
with morbidity, mortality, complications, total discomfort, and expense. 


Ws 


Fig. 1.—Simultaneous bilateral resection—bronchiectasis. 


Fig. 2.—Simultaneous bilateral resection—tuberculosis. 
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SIMULTANEOUS BILATERAL RESECTION 


Total 10 
DATE DIAGNOSIS 
1952 Bronchiectasis 
Tuberculosis tumor 
1953 Bronchiectasis 
Tuberculosis 
1954 Bronchiectasis 
1955 Bronchiectasis 


Our first operation was performed in January, 1952. This was for bronchiectasis in- 
volving both right and left anterior segments, the middle lobe and the lingula. 

The extent of the resection in the 7 bronchiectasis cases is shown. Four cases had an 
identical pattern. In this group, we elected to do the right side first and then, if every- 
thing went well, we proceeded immediately with the second, or left side. 

The extent of resection in the 3 cases treated by simultaneous resection for tubercu- 
losis is shown. The patient in whom only the posterior segments required removal was a 
young patient with diabetes which was difficult to control. She was four months pregnant. 
There was active cavitary disease. The direct approach appeared to be the surest, safest, 
and quickest way to control the tuberculous complicating factor. 


SIMULTANEOUS BILATERAL RESECTION 


Total 10 
Mortality 
Morbidity P. O. hospital stay 
Average 15 days 
Longest 26 days* 
Shortest 10 days 


There was no mortality and the hospital stay was not significantly longer than for pa- 
tients undergoing unilateral surgery. 

Dr. Lewis has advised an anterior approach with a division of the sternum. There are 
reasons why I would not use this method. In the first place, both cavities are opened in the 
beginning before it can be decided whether or not it is wise to proceed with both resections 
simultaneously. Second, it is safer to have one side sealed before opening the contralateral 
cavity. Third, the division of the sternum is accompanied by more interference with costal- 
cage action and more pain postoperatively than is found with two independent posterolateral 
wounds. 


DR. JOHN PETTER, Rutland Heights, Mass.—The possible advantages of simultaneous 
resection, particularly in mental patients, are recognized. We believe, however, that the added 
risk of simultaneous bilateral complications makes staging of the procedures a safer program 
for the average patient. Our reasons for adopting a more conservative program are as 
follows: 


1. Studies in our laboratory and in others have shown that although the loss of func- 
tion following resection of up to five segments is usually very small, this loss may be sig- 
nificantly greater if pleural or bronchial complications develop. 

2. These complications, though infrequent in well selected cases, remain unpredictable 
in any individual case. 

3. In the event of a significant functional loss following the first resection, interval 
pulmonary function studies may prove helpful in deciding whether or not the contralateral 
resection may be safely undertaken. If not, the original plan may be changed, either in 
selection of a procedure with lower risk of added function loss, or no further surgery. 

4. The loss of time by staging the second procedure rarely exceeds two months. 

5. Further resolution of the remaining disease after the first resection may preclude 
the need for a second operation. 


*Only 1 complication—empyema. 





104 THE JOURNAL OF THORACIC SURGERY 


(slide) I would like to present briefly our series of 32 patients who have had staged 
bilateral surgery at Rutland Heights Veterans Administration Hospital. Twelve patients 
had bilateral resection, 10 had bilateral thoracoplasty, 9 had resection on one side, thoraco- 
plasty on the other, and 1 patient had decortication followed later by contralateral thoraco- 
plasty. Complete pulmonary function studies were performed on all patients prior to opera- 
tion on the contralateral side. 

(slide) There were no operative deaths and no late deaths due to tuberculosis. Two 
patients, both with bilateral thoracoplasties, have died at home of nontuberculous causes 
three years after the second operation. All patients have been followed to date. There 
are no pulmonary cripples. Twenty-one are at home with negative sputum, one positive. 
Eight patients recently operated upon are still hospitalized, six negative, two positive. 

In summary, we agree that bilateral surgery should be performed when necessary, but 
we believe that even in carefully selected cases, staging of the procedures with interval 
pulmonary function studies is a safer and more widely applicable policy. 


DR. DENTON A. COOLEY, Houston, Texas.—I congratulate Dr. Lewis on a most in- 
teresting paper which poses many fascinating and challenging problems. We have used 
bilateral simultaneous thoracotomy in patients with recurrent spontaneous pneumothorax 
occurring bilaterally. It is well known that anterior intercostal incisions provide ade- 
quate exposure for pulmonary resections without transecting the sternum. Failure of 
sternal healing could be a serious complication and one which in this case is avoidable 
without interfering appreciably with the surgical exposure by employing separate incisions. 


DR. LAURENCE H. RUBENSTEIN, Chicago, Ill—I wish to congratulate the authors 
on their bold attack on tuberculosis control in mental institutions. In the State of Illinois 
Mental Hospitals (Kankakee State Hospital), we also feel strongly about surgical treat- 
ment for tuberculosis in the mental patient and have embarked on a surgical program. 
While we have not done simultaneous bilateral resections we have encountered every type 


of surgical problem and have been pleased with the success of such a program. In more 
than 150 cases we have had no deaths. In order to eradicate and control tuberculosis in 
mental institutions we feel an energetic surgical program must be instituted. 


DR. LEWIS (Closing).—I should like to thank the discussants for their kind and 
generally tolerant remarks. I expected a good deal of trouble, actually. I appreciate Dr. 
Cooley’s suggestion about using the anterior approach for other types of lung surgery. We 
have considered it but have not had suitable cases. I would like to point out that that 
incision would probably not be as suitable for lower lung resections, the type Dr. Overholt 
has done through two incisions, because the heart, especially on the left side, seems to ob- 
struct a good view of the lower part of the lung root. 

I cannot reply to all the suggestions or answer all the implied criticisms. We have 
not had the facilities for doing lung function studies on these cases, but I do feel that the 
anterior incision actually, if the sternum does not separate, is a much easier incision to 
bear than a one-sided posterolateral incision. 





BLOOD VOLUME STUDIES IN PULMONARY TUBERCULOSIS 
AN ANALYSIS oF 100 CaAsEs 


JoHN H. KEuHNE, M.D. (By INvITATION), FELIx A. HuGuHes, M.D., AND 
FRANK S. SCHLENKER, PH.D. (BY INVITATION) 
Mempuis, TENN. 


HE importance of blood volume deficiencies in the chronically ill patient 

has been stressed in previously published reports'® but limited observa- 
tions have been made in patients who have chronic pulmonary tuberculosis.® 
Despite general knowledge of the problem, designated by Clark and associ- 
atest as chronic shock, patients with chronic pulmonary tuberculosis continue 
to be transferred to the Thoracie Surgical Section of the Veterans Administra- 
tion Medical Teaching Group Hospital (Kennedy) who, despite long periods 
of hospitalization and treatment, present clinical manifestations of blood vol- 
ume deficiency. These symptoms commonly occur in patients with pulmonary 
tuberculosis, but are usually interpreted as manifestations of the underlying 
pulmonary disease. A survey study of blood volume was undertaken to de- 
termine the frequency and magnitude of the existing deficiencies. The pres- 
ent report is an evaluation of the blood volume studies in 100 unselected 
patients with pulmonary tuberculosis who were considered candidates for 
thoracic surgical procedures. 


METHOD 


Plasma volume was determined by the Evans blue dye method as de- 
scribed by Gregersen’ and modified by Gibson and Evelyn® for the photo- 
electric colorimeter. 

Hematocrit values were determined by the Wintrobe method and utilized 
in caleulating the total blood volume. The normal expected values for blood 
and plasma volumes were found by multiplying the normal average pre-illness 
weight expressed in kilograms by 85 ml. per kilogram and 45 ml. per kilogram 
for blood and plasma volumes respectively.* In the group of patients in whom 
obesity was a factor, prior to illness, the ideal weight based upon the standard 
weight tables for sex, age, and height were used.’ Total hemoglobin mass was 
determined by the formula 

Total blood volume x Hgb./100 c.ce. ; 
100 
Deficiencies for blood volume, plasma volume, and total hemoglobin mass were 
determined by subtracting the calculated values from the expected values 
based upon the normal or ideal weight. 





From the Thoracic Surgical and Laboratory Services, Veterans Administration Medical 
Teaching Group Hospital, Memphis 15, Tenn. 

Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic 
Surgery at Atlantic City, N. J., April 24 to 26, 1955. 


105 





THE JOURNAL OF THORACIC SURGERY 


CASE ANALYSIS 


The patients included in the surveyed groups varied in age from 21 to 64 
years. All patients had an established diagnosis of pulmonary tuberculosis 
varying from one to twelve years and had periods of continuous hospitaliza- 
tion varying from nine months to four years prior to the blood volume studies. 
These patients were transferred to the Thoracie Surgical Section of Kennedy 
Hospital from pulmonary disease sections of five hospitals in the South. Se- 
lection was made from consecutive admissions of patients who were considered 
to be candidates for either resectional or collapse therapy as an adjunct to their 
course of tuberculosis treatment. 


RESULTS 


In Table I are presented the mean values for blood and plasma volume 
and total hemoglobin mass for a group of 25 normal male adults, and 100 pa- 
tients with chronic pulmonary tuberculosis considered to be candidates for 
thoracic surgical therapy. Blood and plasma volumes are expressed in terms 
of cubic centimeters per square meter of body surface and total hemoglobin 
mass in grams per square meter of body surface. The 100 tuberculous pa- 
tients were subdivided into two groups: (a) 38 patients who were found to 
have no significant deficit in blood or plasma volume and hemoglobin mass, 
and (b) 62 patients who had significant deficits. Deficiencies of less than 500 
c.c. of whole blood were considered to be within the limits of laboratory error 
and were included with the nondeficient group. 


TABLE I, BLOOD AND PLASMA VOLUME DETERMINATIONS 








MEAN BLOOD | MEAN PLASMA | MEAN HEMO- 
| VOLUME VOLUME GLOBIN MASS 
GROUP NO. C.C./SQ.M. C.C./SQ.M. GM./SQ.M. 
I. Normal adult 25 2971 1690 447 
II. Tuberculosis 100 

normal—Group A 38 3064 1668 466 
deficient—Group B 62 2710 1532 379 
Group difference (A — B) 354 136 87 








Blood Volume.—The mean blood volume for the normal-control group was 
found to be 2,971 ¢.c. per square meter body surface and 3,064 ¢.c. per square 
meter body surface for the tuberculosis group (A) which was normal in vol- 
ume (Table I). The difference is not statistically significant. The mean blood 
volume for the deficient tuberculosis group (B) was 2,710 ¢.c. per square meter 
body surface, a group difference (A minus B) of 354 ¢.c. per square meter 
body surface. Although numerically small, this value was an average de- 
ficiency of 12 per cent in total blood volume. 


Plasma Volume.—Comparable mean plasma volumes were found for the 
normal-control group and the nondeficient tuberculosis group (A), the values 
being 1,690 ¢.c. per square meter body surface and 1,668 ¢.c. per square meter 
body surface, respectively (Table I). In the deficient group (B), the mean 
plasma volume was found to be 1,532 ¢.c. per square meter body surface, repre- 
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senting an average group difference (A minus B) of 136 ¢.c. per square meter 
body surface or 8 per cent average plasma volume deficiency (Table I). 

The mean values for both blood and plasma volume have been presented 
graphically in Fig. 1. It is to be noted that the mean values for the normal- 
control group and nondeficient tuberculosis group are comparable. In the 
deficient group, however, it can be seen that the decrease in blood volume has 
exceeded the fall in plasma volume and represents a relative increase in plasma 
volume of 4 per cent. In no case was the laboratory value for plasma volume 
found to exceed the calculated plasma volume, and attempts to correlate either 
blood or plasma volume with disease activity or nutritional status were unsuc- 
cessful. 


BLOOD VOLUME 
100 coses Pulmonary Tuberculosis 
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Fig. 1. 


Total Hemoglobin Mass——Comparison of the mean hemoglobin mass for 
the normal-control group (447 Gm. per square meter body surface) and the 
nondeficient tuberculosis group (466 Gm. per square meter body surface) re- 
veals no significant difference (Table I). The average deficiency in total 
hemoglobin mass for the deficient tuberculosis group was 87 Gm. per square 
meter body surface or an average deficiency of 19 per cent. 

The values obtained for total hemoglobin mass have been presented graph- 
ically in Fig. 2 for the 100 cases of pulmonary tuberculosis. The deficient 
group of 62 cases was further subdivided into Group A, deficient by caleula- 
tion but without excessive weight loss and only moderate pulmonary involve- 
ment, and Group B with weight losses in excess of 20 per cent body weight 
or with more extensive pulmonary involvement than was seen in Group A. 
The mean hemoglobin mass for the entire group of 62 cases found to be de- 
ficient was 379 Gm. per square meter body surface (Fig. 2). Thirty-one cases 
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could be classified in Group A with an average total hemoglobin mass of 378 
Gm. per square meter body surface and 31 cases in Group B with an average 
hemoglobin mass of 381 Gm. per square meter body surface. Although the 
major individual case deficiencies in total hemoglobin mass were found in 
Group B, this is not apparent from the average values, indicating either a 
considerable group variation or a poor correlation with surface area. 
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Fig. 2. 


Inasmuch as the major deficiency between the normal-control group and 
the deficient tuberculosis group was in total hemoglobin mass with an average 
deficiency of 19 per cent, this value was selected for further analysis. In view 
of the average decrease in blood volume of 12 per cent in the deficient tuber- 
culous group, it is apparent that total hemoglobin mass replacement would be 
limited by the deficiency in total blood volume. Therefore, replacement ther- 
apy should consist of both whole citrated blood and washed red blood cells 
suspended in isotonic saline solution. 

Fig. 3 presents the hemoglobin mass requirements for the 100 tuberculous 
patients included in this study. The deficiency is expressed in the hemoglobin 
equivalent of 500 ¢.c. of blood (15 Gm. hemoglobin equivalent to 100 ¢.c. whole 
blood). Sixteen patients required the hemoglobin equivalent of 500 c¢.c. of 
whole blood; 23 patients required 1,000 ¢.c.; 15 required 1,500 ¢.¢.; 5 patients 
2,000 c.e.; and 3 required 2,500 ¢.c. In summation, 62 per cent of the 100 pa- 
tients required the hemoglobin equivalent of 500 ¢.c. or more of blood; 46 
per cent required 1,000 ¢.c. or more; 23 per cent required 1,500 ¢.c. or more; 
and 8 per cent required 2,000 ¢.c. or more. 

In each of the 38 eases included in the nondeficient group (A) the hemo- 
gram was normal. In the 62 cases with blood volume deficiencies (Group B), 
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normal values for red-cell count, hemoglobin, and hematocrit were reported in 
50 per cent, and the remaining 50 per cent were below the expected normal 
values. The reported laboratory values in general failed to reflect the degree 
of deficiency either in blood volume or hemoglobin mass. The variation in 
blood volume and plasma volume seen in Fig. 1 has been described else- 
where ® ® and explains why routine laboratory values misrepresent the true 
hematologic status. 
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Fig. 3. 


It has been reported! that a clinical history of weight loss has consistently 
indicated a reduction in blood volume and total circulating hemoglobin mass. 
The grouping of the 38 cases of tuberculosis with normal blood volume and 
62 cases deficient in blood volume with reference to weight loss is shown in 
Table II. There were 12 cases (32 per cent) in which the recorded weight loss 
was 10 per cent or more in the nondeficient group and 23 cases (37 per cent) 
in which the weight losses were 10 per cent or more in the deficient group. 


TABLE II. PULMONARY TUBERCULOSIS (100 CASES) 











WEIGHT LOSS | 0% | 10% | 20% | 380% | 40% 
Normal blood volume 26 7 5 0 0 
Deficient blood volume 39 9 12 1 1 





However, the major portion of these was in excess of 20 per cent total weight 
loss. It is apparent that weight loss fails to identify the patient with a blood 
volume deficiency, but when a major weight loss is present a deficiency must 
be suspected. 
CASE REPORTS 
CASE 1.—A 27-year-old white man had had a diagnosis of pulmonary tuberculosis since 
October, 1952. His height was 68 inches; average normal weight, 125 pounds, Initial ther- 


apy consisted of bed rest, streptomycin and isoniazid in combinaticn with para-amino- 
salicylic acid. The sputum was persistently positive for acid-fast bacilli, On Feb. 3, 1953, 
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right decortication and upper lobectomy were performed. The postoperative course was 
complicated by a persistent bronchopleural fistula which was controlled by a right 5-rib 
thoracoplasty on Feb. 20, 1953; modified Schede thoracoplasty on March 13, 1953, and final 
revision thoracoplasty on April 27, 1953. During this period of treatment, a weight loss 
of 19 pounds was recorded. At the time of transfer to another hospital for continued 
treatment, hemoglobin was reported as 11.8 Gm./100 ¢.c. During the ensuing two months, 
he failed to gain weight and hemoglobin values of 11 to 12 Gm./100 ¢.c. were recorded. 
No effort was made to correct his deficiency. He was returned to Kennedy Hospital for 
treatment of right costal-arch chondritis and draining sinus on July 20, 1953. The sputum 
had remained negative for acid-fast bacilli after the lobectomy. 

Examination revealed a pale, apathetic, white man appearing chronically ill. The 
superficial veins of the extremities were collapsed. It was noted that he spent much of 
his time in bed and his appetite was poor. 
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Fig. 4. 


Laboratory Data (July 21, 1953).—Red-cell count, 4.9 million; hemoglobin, 13 Gm.; 
hematocrit, 43 mm. Because of these findings, an initial transfusion of 500 ¢.c. of whole 
blood was given after which blood volume studies were done using the T-1824 or Evans 
blue dye method. A residual deficiency of 573 ¢.c. or 16 per cent in blood volume was 
found and a deficiency of 192 Gm. of hemoglobin or 24 per cent of the expected hemo- 
globin mass. He was given 500 c.c. of whole blood and 500 ¢.c, of washed red blood cells 
suspended in saline solution. The weight-laboratory correlation is recorded in Fig. 4. 
There was an immediate return of appetite, requiring an increase in caloric intake to 
5,000 calories, and a progressive weight gain became apparent. He became jovial, am- 
bitious, and overly active, making enforcement of the rest requirement difficult. Surgery 
was performed for the correction of the osteochondritis and chronic draining sinus; and 
at the time of discharge on Jan. 15, 1954, he had regained 21 pounds in weight. 


Comment.—This patient had developed an accumulative blood volume de- 
ficiency following a series of operations for removal of the right upper lobe of 
the lung and control of a complicating bronchopleural fistula. Satisfactory 
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restoration of blood volume had never been accomplished. Despite consist- 
ently negative sputum following the initial procedure, the manifestations of 
a blood volume deficiency persisted, i.e., pallor, superficial venous collapse, 
apathy, anorexia, laci. of enthusiasm and energy, easy fatigability, and in- 
ability to regain a major weight loss. It is possible that with the passage of 
time the deficiency would have been corrected, but it is apparent from our 
observations that the patient’s clinical course was rapidly reversed by volu- 
metric blood volume replacement. 


CASE 2.—A 28-year-old Negro man was admitted on Sept. 6, 1951, following six months 
of bed rest for diagnosed pulmonary tuberculosis. X-ray examination of the chest revealed 
far-advanced involvement of both lungs. The sputum was positive for acid-fast bacilli. 
Laboratory work at the time of admission: red-cell count, 2.3 million; hemoglobin, 6.9 
Gm. The patient received streptomycin, 1 Gm. daily; PAS, 12 Gm. daily; and Chloro- 
mycetin, 1 Gm. daily. He was given 1,000 c.c. of citrated blood. Thereafter, he developed 
resistance to streptomycin and PAS and was given subsequent courses of aldinamide, 
INH, and viomycin. Resistance developed to all drugs with the exception of viomycin. 
Bronchoscopy was performed which revealed a profuse mucopurulent bronchial secretion 
and acute inflammatory changes involving the left main bronchus. The patient remained 
seriously ill and developed a psychosis manifested by a fetal position in bed accompanied 
by speech and thought impairment. His general condition thereafter slowly improved. 
The sputum remained positive for acid-fast bacilli by smear and culture. During the 
period of acute illness, he developed flexion contractures of both knees which were par- 
tially corrected by active and passive exercises and the use of plaster splints. He had 
been completely bedfast for approximately one year prior to the time of transfer to the 
Thoracic Surgical Section on Jan. 8, 1954. At that time, examination revealed a mentally 
dull, apathetic, Negro man with evidence of marked muscular wasting. There were 
pallor of the conjunctiva and mucous membranes and evidence of peripheral superficial 
venous collapse. It was estimated that his weight was approximately 100 pounds in con- 
trast to his normal weight of 160 pounds. X-ray examination of the chest revealed far- 
advanced bilateral tuberculosis with extensive cavitation of the left upper lobe. 


Laboratory Data (Jan. 8, 1954).—Red-cell count, 4.22 million; hemoglobin, 11.4 Gm.; 
hematocrit, 37 mm.; sedimentation rate, 34 mm. per hour corrected. A blood volume de- 
termination was performed on Feb. 10, 1954, utilizing the T-1824 method and the following 
deficiencies calculated: total blood volume, 993 ¢.c. or 16 per cent of normal; plasma vol- 
ume, 210 ¢.c. or 6 per cent of normal; total hemoglobin mass, 269 Gm. or 28 per cent of 
normal. It was estimated that blood replacement requirements would be 500 ml. of whole 
blood plus 1,500 ml. of washed red blood cells suspended in normal saline solution. 


Transfusions of 500 ¢.c. of citrated blood were given on Feb. 12, 1954, and on Feb. 
15, 1954, followed by a total of 1,500 ¢.c. of washed red blood cells, 

After the final transfusion, the following laboratory reports were recorded:  red- 
cell count, 5.9 million; hemoglobin, 15.6 Gm.; hematocrit, 49 mm, The patient became 
mentally alert, physically stronger, and he required a 5,000 calorie diet as his appetite 
improved remarkably. He was able to sit in a wheelchair daily for increasing periods. A 
progressive weight gain was noted for the first time. It was possible to perform a left 
anterior-stage thoracoplasty on Feb. 18, 1954; first-stage posterior thoracoplasty on March 
15, 1954; second-stage posterior thoracoplasty on April 20, 1954; and third-stage posterior 
thoracoplasty on May 18, 1954, Adequate blood transfusion replacements were given 
during each operative procedure and all procedures were tolerated well. The sputum re- 
mained positive and the patient was returned to the Medical Tuberculosis Section on 
June 3, 1954. At that time, the red-cell count was 5.02 million; hemoglobin, 13.8 Gm.; 
hematocrit, 44 mm. During the subsequent period of observation, the patient has contin- 
ued to have an excellent appetite and his mental outlook has been markedly improved. 
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He has regained approximately 40 pounds in weight. Sputum examinations have re- 
mained positive for acid-fast bacilli by concentration and culture. Because of far- 
advanced bilateral pulmonary tuberculosis, he was not considered a candidate for further 
surgical therapy. 


Comment.—This patient had shown a poor response to therapy until the 
time of blood volume replacement. He had lost an excessive amount of weight 
and had been bedfast for approximately one year. Despite a calculated total 
blood volume deficiency of 993 ¢.c. and a total hemoglobin mass deficiency of 
269 Gm., it was found that 1,000 ¢.ec. of citrated blood and 1,500 ¢.c. of washed 
red blood cells were required. Following the total replacement of approxi- 
mately 375 Gm. of hemoglobin, the laboratory values returned to the normal 
range and the patient’s clinical course was reversed despite the presence of 
far-advaneced active pulmonary tuberculosis. 


DISCUSSION 


Analysis of the blood volume, plasma volume, and hemoglobin mass de- 
ficiencies in this group of 100 cases of pulmonary tuberculosis revealed that 
62 per cent of the total group had replaceable hemoglobin deficiencies equiv- 
alent to 500 ¢.c. or more of blood. Sixteen per cent of the total group required 
one transfusion of 500 ¢.c. (Fig. 2). In this group, there were no clinical 
manifestations of the deficiency and this would be of importance only when 
computing blood replacement requirements at the operating table. Forty-six 
per cent of the group required the hemoglobin equivalent of 1,000 ¢.c. or more 
of blood. These are major blood volume deficiencies and the clinical manifes- 
tations of the deficiency are usually present. This figure becomes more sig- 
nificant when interpreted in terms of expected total hemoglobin mass when a 
1,000 ¢.c. deficiency could represent a deficiency of 20 to 30 per cent of the 
normal value in the individual case. It was surprising to find that 23 per 
cent of the total group required 1,500 ¢e.c. or more of blood and 8 per cent 
required 2,000 ¢.c. or more. It is apparent that despite continuous hospitaliza- 
tion and treatment for pulmonary tuberculosis, the clinical evidence of these 
deficiencies was mistaken for manifestations of the pulmonary tuberculosis 
and that the inaccuracy of the red-cell count, hemoglobin, and hematocrit had 
not been considered. One can only speculate concerning the duration of these 
deficiencies in blood volume and how the patient’s clinical course would have 
been altered if volumetric blood replacement had been accomplished earlier in 
the course of the illness. It appears from the frequency of total blood volume 
deficiencies that this important phase of supportive treatment for a chronic 
illness had been neglected. 

Weight loss alone failed to isolate accurately those cases with a major 
blood volume deficiency although it was noted that a weight loss of 20 per 
cent or more of body weight usually reflected a major deficiency. Examina- 
tion of Tables I and II indicates that 5 patients of the group (A), 38 patients 
with normal ecaleulated blood volumes, had weight losses of 20 per cent or 
more which makes it impossible to formulate any absolute rule relative to 
the weight loss—blood volume relationship, 
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It appears then that the best method of detecting a major blood volume 
deficiency is by clinical observation of the patient. The clinical picture is 
constant and is characterized by anorexia, lack of energy, easy fatigability, 
lassitude, inability to regain weight losses or maintain a constant weight, and 
pallor of the facies and conjunctivae. A valuable sign that we have seen with 
regularity is a collapse of the peripheral superficial veins. Despite the use of 
a tourniquet, the veins of the arm fail to distend and venepuncture is difficult. 
These signs and symptoms have been considered to be a manifestation of the 
chronic pulmonary disease. This is easily disproved because this group of 
signs and symptoms can be completely eliminated in the majority of cases. 
Total blood volume and hemoglobin mass replacement is usually followed by 
a return of appetite which requires an increase in caloric intake, renewed 
energy, and enthusiasm for life, and a reversal of the weight curve. The list- 
less patient who spends much of his time resting in bed has been observed to 
become a disciplinary problem because of the additional energy which makes 
it difficult for him to conform to the usual rest requirements. 

A quantitative method for determination of blood volume deficiency must 
be available. The Evans blue dye method (T-1824) was selected for the basic 
plasma volume determinations for the following reasons. The method is read- 
ily adapted to the average laboratory and gives reproducible results in serial 
determinations. Reports in the literature comparing the results of T-1824 
plasma volume determinations and the I°** labeled human serum albumin 
method indicate that the results obtained by the two methods were not sta- 
tistically different.1. The reports of Storaasli and Aust and their co- 
workers’ ** suggest that the plasma volume value obtained by the I’*! method 
is lower than by the Evans blue dye method. Blood studies utilizing radio- 
active Cr*! tagged red blood cells are said to yield a blood volume value 16.3 
per cent lower than those obtained by the T-1824 method.1* Since chronic 
pulmonary tuberculosis presents the problem of a diminished pulmonary re- 
serve and poor tolerance of a vascular overload, the error introduced by the 
relatively higher value obtained by the T-1824 method and used in the eal- 
culation of the deficiency would result in an error which would tend toward 
undertransfusion rather than vascular overload. 

Despite arguments relative to the method utilized to determine plasma 
and blood volume, the major problem today in the calculation of the indi- 
vidual deficiency is expressed by the question, ‘‘ What represents this patient’s 
normal expected blood volume?’’ Rowntree and Brown™ and Gibson and 
Evans’* concluded that the blood volume had a more constant relationship to 
body surface than to weight. Accumulated data presented by Gregersen’ and 
Clark and associates! indicate that a close relationship exists between blood 
volume and body weight and that normal values for blood volume may be eal- 
culated safely from observed weight. An analysis of thirty-eight normal 
blood volume determinations reported here revealed an average blood volume 
of 81 ¢.c., plus or minus 9 ¢.e. per kilogram of body weight with a range of 
54 @e. to 98 ¢.e. per kilogram and an average plasma volume of 44 e¢.c., plus 
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or minus 7 ¢.c. per kilogram of body weight with a range of 38 c.c. to 55 «¢.c. 
per kilogram of body weight. Although the average values of 81 ¢.c. per 
kilogram for blood volume and 44 ¢.c. per kilogram plasma volume agree with 
average values reported by Gregersen’ of 85 ¢e.c. and 45 cc. per kilogram, 
respectively, and those reported by Clark’ of 82 ¢.c. and 45.5 ¢.c. per kilogram, 
respectively, it is apparent from the variation of one standard deviation that 
the correlation with weight is poor. If the values of 85 ¢.c. per kilogram of 
body weight for blood volume, and 45 ¢c.c. per kilogram for plasma volume are 
accepted, it must be realized that the calculated blood and plasma volumes 
must represent only an approximation of the actual value. This must be con- 
sidered in volumetric blood replacement and careful control of replacement 
utilized in order to prevent circulatory overload. The calculation of the nor- 
mal expected blood volume based upon the normal weight or ideal weight for 
height, sex, and age represents the greatest source of error in the calculation 
of blood volume deficiencies. 

When the actual deficiency has been ecaleulated and replacement require- 
ments for whole blood and washed red blood cells have been established, a 
replacement plan must be utilized. It has been our policy to replace one half 
of the calculated deficiency without hesitation. Transfusions thereafter are 
given at weekly intervals at the rate of 100 ¢.c. per hour with careful check 
of the patient’s blood pressure and pulse. In the interval between trans- 
fusions, red-cell counts, hemoglobin and hematocrit determinations are ob- 
tained. While these values remain within the normal expected limits, blood 
replacement is continued, but with the first indication of elevated values, re- 
placement therapy is assumed to be completed. Using this system we have 
had no evidence of circulatory overload. 

The final question to be answered then is, ‘‘Does the clinical benefit de- 
rived from total blood volume replacement offset the inherent dangers of 
intravenous blood transfusion today?’’ During the past seven years, trans- 
fusions of citrated blood have been given at this hospital with an average re- 
action rate of 1.65 per cent. These were classified as minor reactions char- 
acterized by chills, fever, and urticaria. There was no record of a major 
hemolytic reaction secondary to the administration of incompatible blood 
through either laboratory or handling errors. Thompson and Sutliff’ re- 
ported 32 cases of viral hepatitis following blood transfusion from a total of 
13,567 transfusions of 500 ¢.c. citrated blood administered at Kennedy Hos- 
pital between 1947 and 1951. Twenty of this group had also received irradi- 
ated or nonirradiated piasma. The ratios of viral hepatitis cases to units of 
infusion reported by those authors were irradiated plasma 1:258, nonirradi- 
ated plasma 1:116, and blood 1:424. During the past three years, there have 
been 2 cases of viral hepatitis following blood transfusion on our service with 
full recovery in each case. No major hemolytic reactions have occurred. It 
is felt that the clinical benefits of volumetric blood replacement far exceed 
the inherent dangers of transfusion. 

Numerous authors? have presented the problem of diminished circulating 
blood volume in the chronically ill patient and the surgical significance of 
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reduced blood volume has been stressed by Clark and co-workers.’ This has 
been described as chronic shock. It has been demonstrated that restoration 
of blood volume must precede significant recovery in weight. Holman and 
associates‘ have demonstrated that when deficiencies of both hemoglobin and 
tissue protein exist the restoration of protein deficits can be augmented by 
the correction of the anemia. We have seen this principle demonstrated fol- 
lowing blood volume restoration in our patients. In view of the surgical sig- 
nificance of major blood volume deficiency and its effect upon the normal 
reparative processes in chronic disease, the importance of replacement of blood 
volume deficits cannot be too strongly emphasized. 


SUMMARY 


Significant replaceable deficiencies in blood volume, plasma volume and 
hemoglobin mass have been found in 62 per cent of a survey series of 100 
unselected patients with pulmonary tuberculosis presented as candidates for 
thoracic surgery. Average deficiencies found were 12 per cent in blood vol- 
ume, 19 per cent in hemoglobin mass, and 8 per cent in plasma volume. 

The major deficiency was in hemoglobin mass and exceeded the hemo- 
globin equivalent of 500 ¢.c. of whole blood in 62 per cent of the total series; 
1,000 ¢.c. in 46 per cent of the series; 1,500 ¢.c. of blood in 23 per cent; and 
2,000 e.c. in 8 per cent of the entire group. 

Blood volume determination is the best method available for evaluating 
volumetric deficiencies and should be employed in chronic pulmonary tuber- 
culosis in order to provide better supportive therapy in both the medical and 
surgical phases of treatment. 


A discussion of the problems associated with volumetric blood replace- 
ment therapy is presented. 
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DISCUSSION 


DR. LEO ELOESSER, San Francisco, Calif.—It is difficult for me and perhaps for 
others to follow Dr. Kehne in mathematical considerations involved in these studies. 
Might I ask him please to explain to us why he selects as a modality the relation of the 
blood volume to the body surface rather than the body weight; or, indeed, why he selects 
that modality at all in preference to just an ordinary hemoglobin percentage determina- 
tion. 


DR. KEHNE (Closing).—There are numerous reports in the literature related to 
the method volumetric expression of blood and plasma volume, and there are some authors 
who have found that the correlation of blood volume and plasma volume with body weight 
is best. There are others who maintain that the correlation with body surface, which 
takes into account both height and weight, gives the best correlation. We have studied 
about 250 patients and have found that the obesity factor introduces a special problem. 
In patients weighing 160 pounds or more no correlation could be found between blood 
volume and weight. It has been suggested that the use of a blood volume-weight correla- 
tion based upon the standard weight tables is necessary in the obese patient. In our hands 
the blood volume-body surface correlation was not entirely satisfactory, but was best in 
the universal group. The major problem in the calculation of blood volume deficiencies 
is that it is difficult to establish what constitutes the normal blood volume for a given 
person unless we have had a preliminary determination in the normal healthy state. 


The second question is what advantage the total blood volume method has over the 
usual laboratory determinations. Slide 2 presents the change we see in the chronically 
deficient patient. We found an average deficiency of 12 per cent in total blood volume 
and an 8 per cent deficiency in plasma volume. This implies a changing relationship 
between the total plasma volume and the total blood volume. Laboratory values for the 
usual cell counts and hematocrit could be valid only if the plasma volume remained 
unchanged from the normal state. The failure of the usual laboratory determinations to 
identify the deficient patient is further demonstrated by the fact that 50 per cent of the 
deficient patients had normal laboratory values. It has been amply demonstrated in the 
literature that in the presence of this: changing relationship between total blood and 
plasma volume, the usual laboratory values are invalidated. 
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N THORACIC surgery the anesthesia offers important physiologic and practi- 

cal problems, the successful solution of which contributes greatly to the 
total result of the surgical treatment. The institution of controlled respiration 
in intrathoracic operations has made these operations safer for the patient. 
It counteracts paradoxical breathing, mediastinal flutter, and the harmful 
effect of pendulum air. In addition, the operative procedure is greatly facili- 
tated for the surgeon. In spite of this, the establishment of an adequate 
gaseous exchange is still a major problem in the anesthesia techniques used 
hitherto. 


PHYSIOLOGIC PRINCIPLES OF VENTILATION AND CIRCULATION 


In physiologie conditions, the pCO. action on the breathing center auto- 
matically maintains an adequate alveolar ventilation. During anesthesia with 
controlled respiration, this sensitive mechanism for regulation of the ventilation 
is out of action; the responsibility is taken over by the anesthesiologist. 

By the administration of a high oxygen percentage in the gas mixture and 
in the absence of circulatory shunts, arterial hypoxemia is prevented even if 
there is serious hypoventilation. This is clearly demonstrated in experiments 
with diffusion respiration.? ? For the proper elimination of CO2, on the other 
hand, an adequate alveolar ventilation is necessary. Hypoventilation will result 
in a respiratory acidosis; hyperventilation in a respiratory alkalosis. Both these 
conditions, often difficult to recognize without the help of complicated analysis 
of the arterial blood, are dangerous to the patient. In both conditions the cireu- 
lation is impaired. If corrective measures are not undertaken, circulatory col- 
lapse may supervene. 

The gaseous exchange between the lungs and the blood is a diffusion process 
through the alveolar-capillary membranes. As the CO, is highly diffusible 
through wet membranes, the arterial pCO. is the same as the pCO, of the 
alveolar gas to which blood is exposed during its passage through the lung capil- 
laries. For a given patient with a constant CO, production, in absence of 
circulatory shunts, the arterial pCO, is a direct function of the magnitude of 
the alveolar ventilation. Changes in alveolar ventilation will cause changes 
in the alveolar and arterial pCO., inversely proportional to the magnitude of 
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the alveolar ventilation. The amount of free carbonic acid in the plasma 
varies proportionally to its partial pressure. The acid-base balance in the 
blood plasma is regulated by the buffer system bicarbonate—free carbonic 
acid. The relationship between the pH and the content of free carbonic acid 
and bicarbonate in the plasma is expressed in the Henderson-Hasselbalch 
equation :° 

pH = pK’ + log ane (pK’ = a constant 6.107 at 37° C.). 


The total plasma CO. = BHCO, + H.CO;. If the total plasma CO, is expressed 
in volumes per cent and the free carbonic acid in mm. Hg, the formula is written: 
CO, Vol. % — (0.1316 + a « pCO,) 


0.1316 - a - pCO, 
(a = the solubility coefficient of CO, in plasma = 0.521 at 37° C.). 


From this equation it is seen that there is a normal pH (7.38-7.41) when 


. BHCO; 
the ratio HCO, 
numerator and the denominator; and inadequate alveolar ventilation will 
cause a change in the ratio with displacement of the pH. A respiratory acido- 
sis or alkalosis thus oceurs. To a certain extent a compensatory retention or 
elimination of basic ions available for combining with CO, to bicarbonate takes 
place. This may result in a disturbance in the balance of the electrolytes. 





pH = pK’ + log 


is about 20:1, independent of the absolute values of the 


The effect on the circulation of pressure breathing in the closed thorax de- 
pends on the mean pressures applied to the airways.t The importance of a 
negative phase in pressure breathing to keep the mean pressure on a low level 
is widely accepted in order to avoid harmful effect on the circulation.® ° <A cer- 
tain fraction of the intrapulmonary pressure is transmitted to the right auricle 
and the big central veins with a tendency to decrease the venous pressure gradi- 
ent and thereby even the venous return and the cardiac output. In the presence 
of normal circulation, this effect is counteracted by a compensatory increase of 
the peripheral venous pressure, reconstituting the venous gradient. The ability 
to reconstitute the venous pressure gradient is dependent on normal functioning 
vasomotor reflexes and the presence of a normal circulating blood volume. In 
the open thorax, the effect on the circulation of a negative phase and a low mean 
pressure may be less. The expiratory resistance imposed by a narrow endo- 
tracheal tube may lead to an increase in the functional residual air. This can 
be overcome if the respirator applies negative pressure during expiration. The 
resultant prevention of excessive lung expansion is often of practical value to 
the surgeon. 

Based on these physiologic principles of ventilation and circulation a 
method for controlled respiration in thoracic anesthesia has been worked out. 


METHOD 


First, it is essential to find out the patient’s minute ventilation at rest be- 
fore the operation. It can be calculated fairly accurately’ and most comfortably 
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by use of a ventilatory nomogram.® It is even better with a direct measurement, 
especially in patients with impaired pulmonary function. 

Controlled respiration with the obtained values for ventilation is adminis- 
trated by a respirator designed by Engstrém in 1951,°" which is adapted for 





Fig. 1.—For legend see p. 120. 


giving anesthetics by adding a special rotameter attachment for NO and O, 
(Figs. 1 and 2). The gas mixture is insufflated into the air passages in a semi- 
open system (no rebreathing). The respirator is different in principle from the 
usual types of devices for automatic ventilation during anesthesia. All such 
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machines in common use are regulated by adjustment of a peak pressure setting 
and the volume is estimated by the anesthesiologist. This unit, on the other 
hand, delivers a pre-set minute volume at a pre-set respiratory frequency. If 
the respiratory frequency is changed the pre-set minute volume will not alter. 
The resultant tidal volume is then calculated from the respiratory frequency 
and the minute volume. The pressure required to deliver this minute volume 
will vary from individual to individual; and in the same individual from time 
to time, since it is determined by the physical characteristics of the lung and chest 
wall.’?» 1% An inerease of the pressure required to force a given volume of gas 
into the patient’s lungs means an alteration of these mechanical factors. An 
increased resistance to insufflation will lead to an increased inspiratory pressure 
and a prolongation of the phase of inspiration. This will result in a slowing of 
the rate of gas flow which will permit the same gas volume to be insufflated with 
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Figs. 1 and 2.—The compressor (4), which is driven by an electrical A. C. motor, con- 
sists of a double cylinder with independent valve systems (1, 2, 10, 11) for both pressure 
chambers. The frequency of the compressor piston is regulated by a stepless mechanical 
variator (29) by which the respiratory frequency can be regulated between 10 and 30 cycles 
per minute. The pressures from the right part of the compressor are transmitted to a chamber 
with rigid walls containing a rubber bag. When the piston moves to the left a definite volume 
of air per time-unit is sucked into the rubber bag (5) through an adjustable, calibrated inlet 
valve (14), or the anesthetic gas passes from the rotameters (20) into the rubber bag. When 
the piston moves in the opposite direction the rubber bag is squeezed and the gas insuffiated 
into the air passages of the patient. On the way it passes a waterlock (21), a pressure-con- 
trolled expiratory valve (17), which during the inspiratory phase closes the expiratory pas- 
sage, and a humidifier (26). Before the piston comes to the end of the stroke an automatic 
pressure release on the piston shaft is opened, which causes a rapid drop in pressure. When 
the pressures squeezing the rubber bag are set to a higher value than the pressure fluctuation 
on the manometer in the waterlock the rubber bag will be deflated before the piston comes 
to the end of the stroke. Thus, there will exist a pressure “reserve” around the outside of 
the rubber bag, which will be used to overcome any increased resistance in the patient’s cir- 
cuit. The left part of the compressor cylinder supplies the positive pressure fluctuations for 
operation of the ventury (9) which in turn applies an intermittent negative pressure on the 
atmospheric side of the expiratory valve. This is transmitted to the airway and empties the 
patient’s lungs. 
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a comparatively smaller pressure increase. This automatic pressure adjustment 
and adjustment of the rate of gas flow is most important for the successful man- 
agement of prolonged artificial ventilation in patients with unfavorable factors 
for the ventilation. The development of dangerous pressures is prevented by 
a water level safety valve system. Similarly, the negative pressure applied 
during exsufflation can be regulated. Thus, the mean mask pressure can be 
kept at a low level (in normal lungs down to zero pressure). By application 
of a regulating expiratory resistance, it is also possible to operate with high 
mean mask pressure and with the lungs in expanded position. In spite of 
this, the patient will get the same amount of ventilation until the safety pres- 
sure is reached and gas escapes through the waterlock. Thus, the mean mask 
pressure and hereby even the level of the functional residual air can be closely 
controlled in the presence of a constant minute volume (Fig. 3). The expiratory 
volume can be measured to control leakage, if any. The composition of the gas 
mixture to the patient is exactly known. 


COMMENT 


Empirically, it is impossible to estimate whether or not the ventilation to 
a patient under anesthesia is adequate. Several authors have reported severe 
disturbances in the acid-base balance during thoracic anesthesia.‘*1* As methods 
for controlling the ventilation by measuring the gas tensions in the arterial 
blood or alveolar gas are not convenient for practical use, the best method is to 


control the ventilatory volumes which may serve as a satisfactory index of the 
adequacy of ventilation. 

Different systems may allow volume-recording apparatus (spirometers, 
pneumotachographs) to be built in. In systems so far used which are pressure 
controlled, the minute volume will alter according to the alterations in the 
mechanical factors of the pulmonary ventilation. By use of the described 
volume-cycling device the patient receives a predetermined ventilartory volume 
satisfactorily corresponding to his requirements. This is maintained during 
the operation in spite of variations in the mechanical fa¢tors caused by pres- 
sure on the lung, traction on the bronchi, and so on. 

The deseribed method for controlled respiration has been used in about 
70 major intrathoracic interventions in patients most of whom had impaired 
pulmonary function. By this method it has been possible in 1 patient to keep 
his ventilation adequate during operation on the only remaining lung. Seg- 
mental resection of the left upper lobe was performed. In another patient, 
both upper lobes were removed in the same stage. Even in ‘‘bad risk” pa- 
tients, the blood pressure and pulse rate have remained remarkably steady 
during operations lasting for as long as nine hours, indicating that a good 
circulation has been maintained. 

It is often stated that patients in poor condition should receive the high- 
est possible concentration of oxygen in the inspired atmosphere during the 
operation. Potent anesthetic agents, which allow an oxygen percentage of 
80, 90, even 95 per cent, are often advocated. It may be questioned whether 
this attitude is quite correct. In our opinion, it is preferable to ensure ade- 
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quate ventilation with sufficient but not excessive oxygen concentration, since 
then the possibility of hypercapnia will be avoided. Our results in poor-risk 
patients with NO as the anesthetic agent seem to justify such an opinion. 

In eases with respiratory insufficiency during the immediate postoperative 
period after pulmonary resections, the same device is successfully used for 
artificial respiration.?2 


SUMMARY 


For the administration of controlled respiration, a volume-cycling positive- 
negative pressure device (the Engstrém Respirator) has been used on a series of 
about 70 patients undergoing major intrathoracic operations. The method has 
proved most valuable and offers in the main the following advantages: 


1. Dangerous hypo- and hyperventilation is prevented by the administra- 
tion of a determined ventilatory volume, maintained independently of altered 
mechanical conditions, such as opening of the pleura, compression of the lung, 
and traction on the bronchus. 


2. Respiration with a negative expiratory phase and low mean pressure 
favors the circulation, and makes it possible to ventilate the patient when only 
narrow endotracheal tubes can be used. The degree of expansion of the lungs 
can be controlled with maintenance of a constant minute volume, and this often 
facilitates the work of the surgeon. 

3. The composition of the gas mixture administered to the patient is exactly 


known. 
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Announcement 





New Regulations of the Board of Thoracic Surgery 


At a meeting of representatives of the Board of Thoracic Surgery with the American 
Board of Surgery held on April 26, 1955, in Philadelphia, it was agreed that candidates 
examined by the American Board of Surgery in Part I (written examination) on or after 
October 26, 1955, who are certified by the American Board of Surgery, would be required to 
take only the oral examination given by the Board of Thoracic Surgery. 

Before taking the oral examination of the Board of Thoracic Surgery the candidate 
must furnish satisfactory evidence of having completed three years of training in general 
surgery and two years of training in thoracic surgery in an approved institution, and that 
he is a diplomate of the American Board of Surgery. 

Candidates examined by the American Board of Surgery in Part I prior to October 
26, 1955, will be required to take Part I (written examination) of the Board of Thoracic 
Surgery before taking its oral examination. 





